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WHAT the reader may be duly pre- 
«cr for the peruſal of the following 
reatiſe, it will be neceſſary that he 


firſt acquaint himſelf with the genuine Me- 
thod and Rules of Philoſophiſing, as they 
have been delivered by Sir Isa Ac NRwWTON. 


His Method of Philoſophiſing is thus laid 


down in his Opticks *, 
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* duction, be no demonſtration of general 
** concluſions; yet it is the beſt way of ar- 
** Suing which the nature of things admits 


(c 


cc 


13 


** As in mathematicks, fo in natural hilo- 
ſophy, the inveſtigation of difficult things 


by way of Analyſis, ought ever to precede 


the method of compoſition. This Analyfis 
conſiſts in making experiments and obſer- 
vations, and in drawing general concluſions 


from them by induction, and admitting of 
no objections againſt the concluſions, but 


ſuch as are taken from experiments or other 
certain truths. And although the arguing 
from experiments and obſervations by in- 


of, and may be logked upon as ſo much 
EEE A 2 E 


©, -\ eee 


it, 


3 80 


wv 


PREFACE, 
te the ſtronger, by how much the induction 
« is more general. And if no exception oc- 
* cur from Phenomena, the concluſion may 
be pronounced generally. But if at any 
< time afterwards any exceptions ſhall occur 


© from experiments, it may then be pro- 


* nounced with ſuch exceptions as ſhall occur. 
© By this way of. Analys we may proceed 


from compounds to ingredients, and from 
© motions to the forces producing them; and 
< 1n general from effects to their cauſes, and 


« from particular cauſes to more general ones, 
« till the 12 ends in the moſt general. 
« This is the method of Analyſis : And the 


_ , <. Syntheſis conſiſts in aſſuming the cauſes diſ- 


cc Set and eſtabliſhed as principles, 50 
« by them explaining the Phenomena p 
< ceeding from — and proving the Ex- 


6 * Planations. 


His Rules of Philoophiſing, delivered in 


his Principles, , are theſe four. 


RULE I. 


More cauſes of natural things are not to 


be admitted, than are both true and Sufficient 
OE explaining their phanomena. 


Thus Philoſophers fay, Nature does no- 


Ko thing in vain ; and in vain that is done by 


«© more cauſes, which can be done b fewer. 


* For nature is fimpſe, and delights not in 
2 ſuperfluous cauſes of things. 


RULE 
* Phileſ. Natur. Princip. Mathem. p. 387. 
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PREFACE. 
RULE IL 


* Of natural Fects therefore of the ſame 
F4 


kind the ſame cauſes are to be aſtgned, as far 


as it can be done. 


As of reſpiration in a man and in a beaſt; 


of the deſcent of ſtones in Europe and in 


America; of light in a culinary fire and in 


the ſun; of the reflexion of light in the 


< earth and in the planets. 


RULE III. 


Me qualities of bodies which cannot be 
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— 


increaſed and diminiſhed, and which agree 
to all bodies in which experiments can be 
made, are to be reckoned as qualities of all 


« bodies whatſoever. 


« For the qualities of bodies are not known 


* but by experiments ; and therefore, as ma- 


ny are to be reckoned general as generall 
agree with experiments, and thoſe ' whi 
cannot be diminiſhed cannot be taken a- 
way, Certainly dreams are not to be de- 
viſed at pleaſure contrary to the tenor of 
experiments; nor muſt we depart from the 
analogy of nature, ſince ſhe is wont to be 
ſimple, and always conſonant to herſelf. 
The extenſion of bodies is not known but 
by the ſenſes, nor is it perceived in all 
bodies: but becauſe it agrees to all bodies 
which are perceivable, 1t is affirmed of all 
whatſoever, We experience many bodies 
" * 06 * to 
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PREFACE. 
to be hard. But the hardneſs of the whole 
ariſes from the hardneſs of the parts, and 


thence with good reaſon we conclude the 
. undivided parts not only of thoſe bodies 
' which are perceived, but alſo of all others 


to be hard. We gather all bodies to be 
impenetrable, not by reaſon; but by ſenſe. 


We find the bodies we handle to be im- 
penetrable, and thence conelude impenetra- 


bility to be a property of all bodies what- 
ſoever. That all. bodies are moveable, and 
by certain forces (which I call vires iner- 
tie) perſevere in motion or reſt, we gather 


from theſe fame properties in bodies which 


are ſeen. Extenſion, hardneſs, impenetrabi- 


lity, mobility, and vis inertiæ of the whole, 
ariſe from the extenſion, hardneſs, impene- 


trability, mobility, and vires inertiæ of the 
parts ; and thence we conclude that all the 
leaſt parts of all bodies are extended, and 
hard, and impenetrable, and moveable, 
and endued with vires inertie. And this 
is the foundation of all Philoſophy. Far- 
ther we know from the Phenomena, that 
the parts of bodies which are divided, and 
mutually contiguous to one another, may 
be ſeparated from one another, and it is 
certain from mathematicks, that the undi- 
vided parts may by reaſon be diſtinguiſhed 
into leſs parts. But whether thoſe parts 
diſtin, and not yet divided, can by the 
powers of nature be divided and ſeparated 
from one another, is uncertain, But if it 


** ſhould appear, even by one ſingle experi- 


ment, 


PREFACE. 


% ment, that by breaking a hard and ſolid 
© body, any undivided particle ſuffered a di- 
*© viſion; we might conclude by the force of 
« this Rule, that not only the divided parts 


te were ſeparable, but that the undivided parts 


9 might be divided in ininitum. 1 1 

* Laſtly, If it be univerſally evident by 
*« experiments and aſtronomical obſeryations, 
e that all bodies round the earth gravitate to- 
cards the earth, and that in proportion to 
** the quantity of matter in each, and that the 
moon gravitates towards the earth in pro- 

it cages its quantity of matter, and in 
like manner our ſea gravitates towards the 
** moon, and that all the planets mutually 
* gravitate towards one another, and that 
*© there is a ſimilar gravity of comets towards 
* the fun: we — . by this rule, 
be that all bodies gravitate mutually towards 
* one another. For the argument from the 
« Phenomena will be ſtronger for an univerſal 
« gravity, than for the impenetrability of bo- 
** dies, concerning which in the heavenly bo- 
** dies we have no experiment, no obſervation 
£6 at all. 8 


RULE IV. 


In experimental Philoſophy propoſitions col- 


* lefted from the Phænomena by induction, are 

* to be deemed, notwithſlending contrary Hy- 

s potheſes, either accurately or very nearly 

* true, till other Phænomena occur, by which 

e they may be rendered either more accurate or 
able to exceptions. 
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= | This Method and thels Nals fares: winks 
carefully obſerved 


by our Author in theſe 
LECTUREs, which, from the clearneſs 'and 
diffufiveneſs of the ſtyle, and the eaſy and gull 
manner of reaſoning, are, in my opinion, 

ter fitted for the inſtruction of youth, than 
any thing which I have ſeen on this ſubje@. ' 


1 have added a few Problems 7 way of 
Arni. — 
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1 5 natural philoſophy is a ſcience in its own Lx or. 


: nature entertaining and delightful, and 


eaſe and convenience of life; it is not to be won- 
dered that-there have been men in. all ages who 
have laid themſelves out in the improvement and 
cultivation of it, But it is a matter. of no ſmall 
ſurprize to think how inconſiderable a progreſs the 
knowledge of. nature had made' in former ages, 
when compared with the vaſt improvements it has 
received the numberleſs diſcoveries of later 
times; inſomuch that ſome of the branches of na- 
tural philoſophy, which at this day is almoſt com- 


plete in all its parts, were utterly unknown before 


the laſt century. If we look into the reaſon of 
this, we ſhall find it to be chiefly owing to the 
meaſures that were taken by philoſophers 
- e- ages - "Ir purſuits after age? _ 
edge; for they diſregarding experiments, the 
fare foundation? whereon 9 build a rational bil 
ſophy, buſied themſelves in framing hypotheſes 
for the ſolution of natural appearances; which, as 
they were creatures of the brain without an 
foundation in nature, were, generally ſpeaking, 
lame and defective, as in many caſes not to an- 
ſwer thoſe very phænomena for whoſe ſakes they 
had been contrived. Mhereas the philoſophers of 
later times, laying afide thoſe falſe lights, as being 
of no other uſe than to miſguide the underſtanding 
in 
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withal conducive in many inſtances to the WV 


I. 
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Or ATTRACTION, 
in its ſearches into nature, betoak. themſelves to 
experiments and obſervations ; and from thence 
collected the general powers and laws: of nature; 
which with a proper application, and the aſſiſtance 
of mathematical learning, inabled them to account 
for moſt of the properties and operations of bodies; 
and to ſolve many difficulties in the natural appear- 
ances, which were utterly i icable on the foot 
of hypotheſes; By this means has natural philoſo- 

hy within the compaſs of one century been 
— out of the greateſt darkneſs and obſcurity 
into the cleareſt light; and this has been chiefly 
owing to the unparallePd abilities, and indefatapable 


induſtry of that great and accurate philoſopher Sir 


Is AAC NEwWTON; who to his great honour has 
in his principles of natural philoſophy, and his in- 
comparable treatiſe of light and colours, cleared 
more difficulties, and diſcloſed more and more im- 
portant truths relating to nature, than are to be met 
with in the voluminous writings. of all that went 
before him. To illuſtrate ſome of theſe truths by 
experiments is the deſign of this courſe, which con- 
ſiſts of four parts. In the firſt are conſidered ſolid 
bodies and their properties. In the ſecond water 
and watery fluids. - In the third the elaſtic fluid of 
air, And in the laſt the ſubtile fluid of light. But 
before I proceed to theſe particulars, it will be ne- 
ceſſary to fay ſomething concerning certain, prinei- 
ples, forces, or powers, wherewith all parts of 
matter, of what kind ſoever, ſo far as experience 
reaches, ſeem to be endued; and whereby they act 


* one another for producing a great part of the 
p YG - 


Exp. 1. 


ænomena of nature LT 

Such is firſt that power whereby. the minute par- 
ticles of matter do in ſome circumſtances, tend to- 
wards one another, which is commonly called at- 
traction; the cauſe . wheregf is in a great meaſure 
unknown, tho? the thing it ſelf is manifeſt; from 
experiments. For if two poliſhed plates of wn oe 


bad... lth... Aft. r - . ̃²˙ w — M . ES Ä « ͤůuM MEL. A 4 
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Oy ATTRACTION. 
laid one upon 


the force of — in the lower plate will not ſuf- 
ſice to ſ pull them aſunder.. 
— the — of theſe plates is to be attri- 
buted to the mutual attractions of their contiguous 
parts, cannot I think admit of a doubt, ſince the 
ure of the outward air on their external ſur- 
es, (to whoſe force this effect might otherwiſe 
have been attributed) is in this caſe taken off. 
The uſe of the oil is to fill up the minute cavities 
in the ſurfaces, and by ſo doing to prevent the 
lodgment 'of air between the plates; which upon 
the removal of the outward air would expand it ſelf 
by reaſon i elaſticity, and thereby force the 
. ron a 
The forementioned attraction is in Ike manner 
collected from the following experiments. 


If two plane poliſhed plates of glaſs be laid toge- Exp. 2. 


ther, ſo th t their ſides be parallel, and at a very 
ſmall diſtance from one * and 8 
edges be di in water; water e 
between — and the leſs the diſtance of as 
glaſſes is, the greater will the height be to which 
the water riſes. If the diſtance be about the hun- 
dredth part of an inch, it will riſe to the height of 
about an inch; and if the diſtance be greater or leſs 
in any rtion, the height will be reciprocally 
to the diſtance very nearly. 

The reaſon why the water aſcends between the 
platen is, that thoſe parts of the ſurfaces of the 
glaſſes which lye next above the ſurface of the wa- 
ter, and are contiguous thereto, attract the water, 
and by that means cauſe it to aſcend ; and this 


_ aſcent continues till the weight of the elevated water 


becomes equal to the force of the attracting ſurfaces, 


and then 2 motion ceaſes, the water tending as 
much 


another, having their contiguous ſides LR ON. 
ſmeared with oil, they will cohere in vacuo, and I. 
with ſuch firmneſs, that when they are ſuſpended, Wy 
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Lz e r. much downward by the force of its own gravity; 


Or ATTRACTION. 
as it doth upward by the attraction of the glaſſes. 


A The reaſon, why the water riſes to heig ts which 


Exp. 3. 


ate inverſly as the diſtances of the glaſſes, is this: 
the abſolute attractive fotce of the Paſſes, whereby 
the water is raiſed, continues unvaried whatever be 
the diſtance of the glaſſes ; for the height and length 
of the glaſs ſurfaces, whoſe attractions influence the 
aſcent'of the water, are always the ſame, and con- 
ſequently the attractive force muſt be ſo too; and 


for that reaſon will conſtantly ſupport the fan 


. 


weight of water; but the quantity, and conſequent- 
ly the weight, of the Bede water, will always be 
the ſame, if its height be reciprocally as its baſe, 
that is in this caſe, as the diſtance of the plates z 
for the length of the baſe being equal to the 5 
of the * it continues unvaried; and therefore 
the baſe will ever be as its breadth, that is, as the 
interval between the plates. os 2 tell 


- 


If the glaſs plates, inſtead of being ſet pero el to 
one another, be made to meet at one of their ends, 


and kept at a little diſtance at the other; and 


their lower edges be then di in water, ſpirit of 
wine, or — Lam Log ae ; the lnwand 
ſides of the plates being firſt moiſtened with a clean 
cloth di 259 in the liquor; the liquor will riſe be- 
tween the plates, and the upper ſurface of the ele- 
vated liquor will form a curve, the heights of whoſe 

ſeveral points above the ſurface of thy nating 

liquor will be to one another recipr as their 
rpendicular diſtances from the concourſe of the 
lates. For the illuſtration of which, let AE be the 
13 of the ſtagnating liquor, wherein the lower 
edges of the plates are immerſed, AH the concourſe 
of the plates, and F, G, I, K, L the curve formed 
by the ſurface of the elevated liquor; from any 
— in the curve, as G, I, K, L, taken at plea- 
ure, let fall the right lines GB, IC, KD, LE, per- 
pendicular to AE, and thoſe lines will expreſs the 
l heights 


Or ATTRACTION. 
heights of the reſpective points of the curve above Lx e r. 


ſurface of the ſtagnant liquor; whilſt AB, AC, 
AD, A E, denote the perpendicular diſtances of the 
targs, poirit from the concourſe of the glaſſes ; now 
eſe heights and diftances are to one another in a 
reciprocal E for if we ſuppoſe the lines 
GB, IC, KD, LE, to be fo 3 = pps of liquor 
conſiſting of four fides, two of which are terminat- 
ed by the plates, and the other two by the conti- 
guous liquor; and if thoſe fides which lye next the 
plates be of an equal, but exceedingly ſmall breadth 
in all the pillars, then will the attraQting ſurfaces of 
the plates which ſupport thoſe pillars be likewiſe 
qual, and conſequently the quantities ſupported, 
that is, the pillars muſt be ſo too. But in order to 
have them equal, their heights muſt be reciprocall 
proportional to their baſes ; which baſes, inaſmu 
as they are ſuppoſed to be equally broad, muſt be 
as their len that is, as the intervals between 
the glaſſes in thoſe parts where the pillars are taken; 
and therefore the heights of the pillars muſt be reci- 
2 as the intervals between the plates. But 
m the nature of ſimilar triangles the intervals 
between the glaſſes at different diſtances from the 
concourſe are to one another directly as thoſe di- 
ſtances; whence it follows, that the heights of the 
— are to one another reciprocally as their re- 
24 diſtances from the concourſe of the plates; 
- t 5 if GB be double of I C, then is AC double 
AB, 5 
From what has been ſaid it is plain, that the 
curve formed by the upper ſurface of the elevated 
liquor muſt be an hyperbola; for from the nature 
of the hyperbola the external ordinates are recipro- 
cally as the abſciſſæ. Wherefore if AB, A C, AD, 
AE, be taken for the abſciſſæ; then will BG, CI, 
DK, EL, be the reſpective ordinates; and conſe- 
2 the curve which paſſes thro? the points G, 
I, K, L, is an hyperbola, 4 
| 8 
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Lzct. 


J. 
* 
Exp. 4: 


at one end into water, ſpirit of wine, 


bs ATTRACTION. 


As water, or any other proper fluid; aſcends be: 
tween poliſhed plates of glaſs by the force of their 
attractions, ſo does it likewiſe in ſlender pipes of 
glaſs open at both ends ; for if ſuch tubes be di 
Shan 
convenient fluid; the liquor will riſe within the pi 

to a conſiderable height; and this experufien 18 (as 


alſo thoſe before made) ſucceeds in the very ſanie 


manner in vacub, as in the open air, for the liquor 
conſtantly aſcends to the ſame height in both. 
That the aſcent of liquor in theſe ſmall tubes; tis 


alſo between poliſhed plates o of glaſb, is to be attri- 
bated to fome pow er in the glaſs ſtrongly acting on 
the liquor, and not to the preſſure Set of 'the 


ting liquor or incumbent gtmoſphere;” is evi- 
dent from this confideration 3 that as Nel of the 


| liq uor remains ſuſpended in the pipes, and between 


lates, when they are lifted out of the ſtagnat- 
ug Bud, either in vacuo or the open air, as was 


ates Above the ſurface of the fluid; while th 


were immerſed therein: and therefore whatever cauſe 

concurred to the elevating of the liquor while the 
plates and pipes were therein immerſed, and expoſed 
to the air; the ſame contributes as powerfully to 
it up, when the ſtagnati grating liquor is removed, and 
the preſſure of the atmoſphere taken off, and con 


ſequently muſt be ſome power inherent in 2 
er 


The heights to which the liquor riſes in 
2 to one another — as the diameters. 
or the power which raiſes the liquor in a fender 


, PIPE, being the attractive force of that only 
th 


e internal concave ſurface which lyes next 
above the liquor, and conſtitutes a ring of an inde- 
finitely ſmall height, which height is ever the fame 
whatever be the diameter of the ring, becauſe the 
diſtance to which the attractive force of glaſe 
reaches is unvaried; and the attractive force of fuch 
an annular ſurface being as the number of attracting 
parts whereof it is compoſed, that is, as the bench : 

wluc 


Or ATTRACTION. 7 
which becauſe its height is given as the e-LI or. 
5 „that is, as the diameter, rs more I. : 
F N e N Wherefore if m x | 
| the forces of to ſuch pipes pes we make F | 
to denote the attractive force of the larger, and f j 
; 
7 
, 


«cms Trap force of the ſmaller, and alſo D and | 
d to denote their diameters z we ſhall have this ana- 
logy, viz. E: f: D: d, that is, the force of the | 
larger pipe is to that of the ſmaller. as the diame- | 
ter of the. larger to the diameter of the ſmaller : 
; but theſe forces are likewiſe to one another in the 
A uantities of liquor which they 
que PX ey continue to elevate the li- 
Y ſuch —— weights, and conſequently | 
E become a balance 
8 22 height of th may ily ris wht 
r the. t of the liquor in whoſe 
meter is D, and h for its height — * whoſe 
. IS. d then will — — the ſquare 
D be as the quantity of liquor in the ; 
and h multiplied into the are of d — — | 
tity of liquor in the ſmaller pipe pipe; whence: jg nr [ 
this ſecond analogy F: f:: Hx DI: h d'; and 1 
by ſubſtituting I and d in the room of F and f, to | f 
which they are proportional, a appears from the | 
. — d:: HD: hd*; 
and then 22 extremes and means, and 


8 2 we ſhall have | 
— d, A olving;this equation into an | 
x analogy, we ſhall have H: h: : d: D, that is, the 


— ht to which the liquor riſes in the larger pi pipe is 
. e height to which it riſes in the ſmaller, as the 


— —ð*q — — — — — 
Ju 8 — — 
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2 pipe to that of the larger; i 
ſo that the heights of the liquor are reciprocally | 


; proportional to the diameters of the pipes. 
; By virtue of this attractive force, wherewith ſmall | 
U 1 are endued, plants receive nouriſhment from 
the earth ; the ſlender tubes, whereof their roots are 
: compoſed, ſucking. in various juices according to 
: | 4 thew 


8 | 
LE 7. their different natures and conſtitutions. 


I. 


My 


Or ATTRACTION. 
From the 
fame attractive force it is that ſponges take in wa- 


ter: and that water aſcends in loaf ſugar, when 


Exp. 5. 


Exp. 6. 


are mifed. For if thoſe parts of a 


contrary appears from 
liſhed plates of glaſs, ſet parallel 
the diſtance of — the hundredth of an inch, 


any part of it is dipped therein; —ů "wo 
.< 
8 raiſing the ſame. And h. here it muſt 


which lye next above the w 
be obſerved, that the water riſes by the action of 


thoſe particles alone which are contiguous to, and 
lye next above the ſurface of the elevated water; 


thoſe particles which are at any the leaſt ſenſible 
diſtance above the water being too far removed to 


influence the water by their attractions: and what 
has been thus obſerved of ſugar 


* true of 
liſned plates, ſlender pipes, and every other at- 
— — by virtue of whoſe attractions fluids 
3 


which are at any ſenfible diſtance above 


of the fluid, do in any meaſure contribute to 22 


aſcent; it is evident that the fluid, cæteris paribus, 
muſt riſe to a greater height when the OT 


ſurfaces are continued to a- conſiderable height a- 

bove the elevated: fluid, than when they terminate 
at a very little diſtance above the ſame. But the 
ent. For if two po- 
to one another at 


be immerſed in water ſo far, that only an inch and 


one tenth be ſuffered to remain above the water, 


the water will riſe up between them to the height 
of about an inch; and if the ſurface of the ſtag- 
nating water be then depreſſed by drawing off 
ſome of the water, the elevated bo will like wiſe 
deſcend between the plates, ſo as fill to Preſerve 
the height of about an inch and no more. 

If a poliſhed plate of glaſs be laid parallel to the 
horizon, and another plate of the ſame kind be laid 
thereon, ſo as that they may touch at one of theit 
ends, at a very ſmall diſtance at the 


other; being moiſtened on their inward _ 
| wi 


„ee 
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with a clean cloth ot feather dipped in gil forges: L ECT. 
hs # | » + hv I. _— 
at that end where they are at ſome _—_— from each wy 


and if a drop of the oil be placed between the 


other, 10. as that it may be touched by both the 
plates, it will begin to moye towards the concourſe 
of the dale, and will continue to go on with an 
accelerated. motion till it arrives at the concourſe. 
And if during the motion of the drop, that end of 
the glaſſes where they: meet, and towards which 
the drop-moves, be lifted up, the drop will never- 
theleſs continue its motion, and of conſequence muſt 
be attracted; but as the end of the glaſſes is raiſed 
higher, and higher, the drop will aſcend more, and 
moxe ſlowly, till at laſt upon a certain elevation of 


the plates the motion ceaſes, the gravity of the drop, 


wherewith it tends downward, becoming equal to 
the ; 239921 which draws Y 7 — 95 as 2 
P. us, that upon giving the plates the lea! 
mg ae beyond what is neceſſary to ſtop 
the drop, it ſtraightway begins to deſcend, its gravi- 
ty in that caſe overcoming the attraction. 
By the help of this phænomenon may the force 
be determined, wherewith the drop is attracted at 
all diſtances from the concourſe of the glaſſes. For 
that part of a body's gravity whereby it is carried 
down an inclined plane, is to its abſolute weight, 
as the ſine of the angle of the plane's elevation to 
the radius, or as the perpendicular height of the 
plane to the length thereof; and therefore may be 
denoted by the perpendicular height applied to the 
length; and where the length of the plane is given, 
that force will be every where as the ſines of the 
angles of elevation, or the perpendicular altitudes 
of the plane; as ſhall be made appear when I come 
to treat of the deſcent of bodies on inclined planes. 
If therefore the fines of ſuch elevations of the plates 
as are neceſſary to ſtop the motion of the drop, be 
taken at two different diſtances of the drop from 
the concourſe of the. 1 thoſe ſines will de- 


note 
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| E E Cr. note the reſpective grayit of the drop, and — 
I. quemtiy the attractiswe forces, wherewith the _ 
cee drop at each of thoſe diſtanc 
for inſtance, if the diftances of the Hp fv | 
the concourſe of the = be in al 890 ; 
and the fine of the elèvatbn n to to 
motion of the drop when wi, the delle. ſtance be 1 
as four, and when at the greater diſtance as one ; the 
vity of the drop, wherewith it endeavours to de- 
os at the forementioned diſtances of one pity: twa, 
Fig. 2. will be as Gur and one. For the ilüſtration of 
which, let AB and A C repreſent the Plates at dif- 
ferent elevations ; F and G the places where the | 
ſtands upon thoſe” elevations ;, then will B 
and CE denote the forces of gravity 'wherewith 
the drop endeavours to deſcend along the; plates in 
the paints F and G, which forces are ob to the 
attractions of the glaſſes in thoſe points; and if 
BF: and CG the es of the from the 
concourſe of the plates be as one =: -two, and 
BD and CE as four and one; then is the at- 
tractive power where with the glaſſes act upon the 
drop at F, to the force wherewith they act upon 
it at G, as four to one, that is, reciprocally Ache 
ſquares of the diſtances of the drop from 24, con- 
—_—_ of the glaſſes; and this is nearly the caſe, as 
Exp. 6. appear r from the experiment. 
Th the drop be attracted by forces that are in 
the 6 och duplicate” ratio of the diſtances of }} , 
the drop from the concourſe of the glaſſes; yet are t 
the attractions within the ſame quaſitities of attract- d 
ing ſurface in the reciprocal ſimple ratio only of 
thoſe diſtances: for as the drop moves towards the te 
concourſe of the — it muſt ſpread and touch . 
each glaſs in a larger dude and this ſpreading is th 
always proportional to the leſſening of the interval ſte 
between the he gates; and of conſequemce from the : 
nature of ſimilar triangles, it is likewiſe proportional I it: 
to the diminution of the diſtance from the 8 | 


ts. 
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So that! the force which acts upon the drop is in- LOT. 
creaſed as the drop approaches the concourſe in the I. 
ſimple reciprocal ratio of the diſtance, on account of. 
the inlargeent of the 8 — im that 
portion and therefore in a g thy of at 
ſurface the force muſt Sh in — 
ratio of the diſtance from the concourſe; 55 
1 8 6 67 ven portion of the glaſs ſur- 
faces NE at the 1 of one inch from their 
concourſe muſt act with twice the force that it does 
at tlił diſtance of two inches, and with thrice the 
force that it does at the diſtance of three inches, and 
ſo on. Hence it will be found that the attractive 
force! of one and the fame! flender pipe of a co-' 
nical figure is given; or in other words, that the 
attractive force where with a conical pipe is indued 
at any one diſtance from the vertex of the cone, 

is equal to the attractive force of the ſame: at 
— other diſtance from the vertex; ſo that the 
attractive force of a conical pipe is in every part 
equal throughout the Whole length of the pipe; 
and maꝶ be ᷑xpreſſed by the diameter of a circular - 
ſection of the pipe taken at any diſtance from — 
vertex, applied to that diſtance. For the | 
on in any part of ſuch ai pipe is as the 5 
of attracting ſurface in that part multiplied into 
the abſolute force; but the quantity of attractin 
ſurface in any part is as the diameter of that part, — 
the abſolute force is reciprocally as the diſtance from 
the vertex; wherefore if A be put to denote the 
diſtance of any part from the vertex and D the diame- 


ter, 2 will expreſs the attraction of that part; but 


from the nature of ſimilar triangles the diameters of 
the circular ſections of a cone taken at different di- 
ht aus. e are to one another as the di- 


ney, conlgtenty 7 A is. a fanding quantity. 
Þ & endi13; i 50 Bigc: Whereſen 
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Lx r. Wherefore ſince the attractive force in every part of 
I. a conical tube is denoted by a quantity which is in- 
1 variable, it follows that the force is ſo too; ſo that 
in this reſpect conical pipes do not differ from thoſe 
of a cylindrical form; but herein lyes the difference, 
tat in very ſlender pipes, where the diameters are 
equal, the attractions of ſuch as are conical do far 
ſurpaſs the attractions of thoſe which are cylindri- 
cal. And indeed ſo exceeding great does this at- 
tractive force become with refoe to the quantity of 
attructing ſurface in that part of a conical pipe, where 
the diameter is but one part of an inch divided xy 
ten millions (if ſuch minuteneſs may be ſuppoſed) 
that if the attraction of a cylindrical tube, "whoſe 
diameter is an inch, were as great with reſpect to 
its quantity of at ſurface, it would be able 
to ſupport a column of water an inch i in Abehker 
and upwards of three miles in height. For let us: 
ſuppoſe à conical tube whoſe baſe 1s an inch in Mia- 
meter to be continued till the diameter is fo fat _ . 
niſhed as to equal only one part of an inch divide 
into ten millions; it is evident from What Was 15 
N now ſaid, that the whole attractive force of fuck s 
Pipes where its diameter is an inch, is equal to the 
le attractive force of the ſame, where the dia- 


meter is but the ten millioneth part of an inch; con- | 
ſequently if a portion of the larger attracting ſurface 
be taken equal to the ſmaller attracting ſurface, 
the force of that will-be to the force of this, as the 
force of the fimaller ſurface divided by the number 
of parts in the larger ſurface to the force of the 
ſmaller ſurface, that is, as one divided b ten mil- 
lions to one. If therefore a conical, of indeed a 
cylindrital tube an inch in diameter (for where the 
diameter is ſo large there is ſcarcely any difference) 
was indued with an attractive force as great in pro- 
portion to its quantity of attracting ſurface, as is 4 
conical tube of the ten millioueth Raft of an inch n 
diameter, its force would be ten millions of times 


greater | ** 
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greater than it is, and of conſequence would raiſe the LE Nr. 
water ten millions of times higher than it doth at I.. 
preſent: but it has been found by experience that in 
a cylindrical tube of an inch in diameter, the water 

will riſe to the height of about the fiftieth part of an 

inch, and therefore if the force by which it riſes was 
augmented in the forementioned proportion, it muſt 

riſe to the height of two hundred thouſand inches, 

which being divided by fixty three thouſand three. 


$45” 


ons of flender conical pipes are to one another, as the 

diametersof the little circular ſurfaces of the elevated 
liquor, applied to the reſpective diſtances of the 
ſame circular ſurfaces from the vertices of the ſeve- 
ral cones whereof the pipes are portions. For it 
has been proved that the attractive forces of conical 
pipes are as thoſe quantities; and therefore the 
: weights which they ſupport muſt be ſo too.” Hence 
it follows that the leſs. the proportion is, which the 
diſtance ' of the elevated liquor's ſurface from the 
vertex of the cone bears to the diameter of the fame 
ſurface, .or. which amounts to the ſame thing, the 
faſter the ſides of the pipe converge, the ſtronger is 
its attractive force, and the greater the quantity of 
liquor which is ſupported. or TE 
The firm union and ftrong coheſion of the par- 
ticles. of ſalid bodies ſeems to ariſe from this force, 
wherewith they mutually attract each other; which 
as 1t appears to be exceeding ſtrong in the imme- 
diate contact of the particles, ſo is it found by ex- 
| perience to reach but a very little way beyond the 
y e with any ſenſible effect At very ſmall di- 
< ances, indeed it is ſufficient to raiſe up liquors, as 
alſo 'to produce the many odd and ſurprizing ap- 
+» || pearances which are to be met with in chymical ope-. 
„ || rations, and which without the aſſiſtance of this and 
I ſome other principles, which I ſhall hereafter have 

er Ar 
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Sir IsAAc NEwrox has demonſtrated in the nine- 
wing. e of the ſecond book of his princi- 
ples, that | | 7 
tion; but that ſetting aſide all ex 
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fluids have not naturally any inteſtine. mo- 
terng] cauſes pf mo. 
articles of fluids are as perfectly at reſt 


tion, the 
Toll bodies. There is indeed during the 


as thoſe o 


time of the ſolution a conſiderable motion, but as 
this is occafioned by the mutual attraction between 


the menſtruum and the body, by means of which 
attraction the parts of the fluid are driven with great 


foroe between the parts of the ſolid, ſo as to looſen 
and divide them one from another; as ſoon as the 


ſolution is over the motion ceaſes, and all the 


are at reſt again, and the particles of the diſſolved 
body are kept ſuſpended by their cloſe adheſion to 


the parts of the menſtruum, and not by any ay 4 
nary motion, wherewith they are toſſed too and 


in the manner of a ſhuttle-cock ; and in truth, could 


ſuch an inteſtine motion be allowed, as it muſt be 


made in all manner of directions, it would be as apt, 
nay more apt, conſidering the conſpiring gravity of 


the particles, to precipitate and caſt them down, 
than to raiſe and keep them up. 
Were it not beſide my preſent purpoſe, I could pro- 
duce many more inſtances of File reaſonings in the 
writings of chymiſts, occaſioned by their ignorance 


of the true principles of nature; but as chymiſtry is 
Xe 5 at 


2 


Sr ü . 
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AVING i in my 475 + Ledture proved from], x r. 
experiments, that there 3 is a power in nature II. 
whereby the parts of 2 which are brought ſous 
near as to tou doi * ſome circumſtances mutually 
attract each other; ſhall now treat of fu Rar 
of attraction as 225 themſelves to con f 
diſtances beyond the point of contact, and on 
that account affect the mind more dealt) . 
to convince it more fully of the 1 a 
principle. Of this kind is, Firſt, that attraction 
which obtains between glaſs and laſs. Secondly, 
that of, e 9 — te — all 
m m. And 5 0 vity; o 
n f tid ade 5 wha bo 
And firſt, if a glaſs bubble be ſet to float, an was Exp 1. 
contained i in a glaſs veſſel, at a. ſmall diſtance 
n the ſide of the veſſel, it will from a ſtate of reſt 
begin to move towards the ſide of the veſſel; and 
its "motion will be continually accelerated, 10 as to 
make it u 8 n its arrival at gc fe of eke 
ſtrike the fame with ſome forcte. 1 
Perhaps it may be thought that the motion of the 
bubble ariſes from ſome declivity in the water to- 
wards the ſides of veſſels: but whoever obſervesthę 
ſurface of the water will find, 1 — it riſes all abqut 


the ſides of the lafs, ſo as to. become of a concave 
figure, and for reaſon. may retard, out ano 
no means promote the motion of the bubble; 

this riſing of the liquor about the fides of the, veſſel 
is to be attributed to the ſame cauſe with the motion 
of the bubble, namely, wr of the ola. 


The 


16 


or ATTRACTION. 


LIC r. The acceleration obſervable in the bubble's mot 


II. 


tion ariſes from two cauſes ; the firſt is. the conti- 


S nued and uninterrupted action of the attractive force 


of the glaſs; for if we ſuppoſe the time of the 
bubble's motiqn to he dividęd into a numher of equal 
parts, as for inſtance ten; andl if the attraction of 
the laſs be ſuppoſed to make equal impreſſions on 
the ns in each of thoſe parts of time, it is plain 
that whatever be the motion which is exgited in the 
bubble by the impreſſion of attraction in the firſt 
of time, the fame will be doubled in the 


— ſecond, triple in the third, and fo on continually 


through the ſeveral portions of time ; for the 10 
produced in the firſt pottion of time is not loſt, and 
by the addition of as much more in the ſe- 
condtportion of time it becomes double, and i in the 
third trip, and fo on. Now if inſtead of ten parts 
we fitppd{c"the time of the motion to be divided 
into numberleſs parts indefinitely ſmall; in each of 
which the attraction of the glaſs makes equal impreſ- 
Gong on the bubble as before, the motion. will be 
— accelerated, tho? the attractive force of 


the glaſs ſhould continue the fame at all diſtances 


of the bubble; but the attractive force acts more 


ſtrongly the nearer the bubble approaches, on. which 
zecdunt the motion is more and more accelerated 


the nearer the bubble comes to the glaſs, 


© ByvY electrical attract ion mean that kind of. at. 
tral in w ci is excited in bodies when their xo 
are heated by friction, and which doth not diſcover 


itlelf by £7. ſenſible effect” when the bodies, are 
cold:- Of this ſort are the 15 2 00 forces, which 


; amber; roſin fealinp-wax, and indeed moſt fulphu- 


reous fübſtances when heated by rubbing, have been 


found to exert towards chi "feathers, leaf. gold, 


p-black, and many other light ſubſtances. But 


is the attraQtions of gels bodies have fallen within 


e notice of yulgar eyes I think it needleſs to make 


iy 8 for the ee thereof; - but . 
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to before you ſome ents which I. 4 
1 in ry power ff to tain g and that ** 
to a very notable degree, though - > 7 till of vines 


late been commonly obſerved. 
If a cylindyica] tube of. flint glaſs be-rubbed briſk-' 
ly with brown paper or woallen cloth till it ac 
ſome degree of heat, and be then held near 
to-ſmall pieces of gold or braſs leaf, they will begin 
to move, and ſome of them will fly towards the 
tube with great Twiftneſs, and fix themſelves upon 
it ſo as to adhere thereto, being acted upon by the 
attraRive force of the glaſs : whilſt others during 
their algent towards the tube will, before they can 
reach the ſame, be driyen backward with great vio- 
lence, as will likewiſe ſome of thoſe which touch 
the glaſs, being actuated by another forge very dif- 
ferent from that of attraction, which I ſhall endea- 
vour to explain to you hereafter. The hotter the 
tube is made 1. rubbing! the farther doth its power 
reach, ſo as in ſom es tq ack upon the leaf at the 
4 of a foot or more. 
This electrical attraction of glaſs doth in like man- 
ner appear from the followin 2 experiments. 1.4 
| If ver a globe of glaſs fixed on an axis, 'whoſe Exp. 2. 
| ſition is horizontal, a parcel of woollen threads 
| be ſuſpended from a ſemicircular wire, ſo as that 
their ah ends may be diſtant an inch or a little 
more from the „es they will ſuitably to the na- 
ture of all heayy bodies hang down 8 
to the horizon, and parallel to each oth 
the globe be moved pretty 1 round 1. 9 
the read will immediately c _—_ their fition, 
65 as to have their ends bent a little upwar point- 
ing that way towards which the motion tends ; * 
| rotatory motion of the globe being com — 
to the Urcumambient air wherein the threads 
and by meansthereof in ſome meaſure to the thr 
themſelves, Let then an hand be applied to the 
lower patt af the globe, ſo as to rub the ſame, and 
* as 
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chreads which before were crodRed will dart tem- 


Ea ſelyes out into ſo many ſtraiglit lines, all pointing to- 


Exp. 3. 


wards the center of the globe; but as ſoon as the 
aftrition ceaſes, and the globe cools, they quit this 
direction, and return to their former poſition z 
whence it evidently appears that they are attracted 
by the glaſs, fince they are made to point towards 
its center, notwithſtanding the contrary directions 
that were given them by the motion of the air and 
the force of 'gravity. In this and the two following 
riments there is one remarkable circumſtance, 
which, tho" it does not concern the matter in hand, 
yet becauſe T ſhall have occaſion to have recourſe 
to it hereafter, I ſhall to prevent the repetition of 
experiments take notice of it here. And tit is this; 
if while the threads are extended and acted upon by 
the attraction of the globe, a finger be moved to- 
wards the extremity of any of them, they will im- 
mediately recede and fly from the touch, and this 
they will do upon every approach of the finger. 
If the axis of the globe inftead of being parallel 
to the horizon be placed perpendicular thereto, and 
the ſemicircular wire which ſupports the threads be 
in the plane of a circle parallel to the horizon, the 
threads muſt by reaſon of their gravity hang down 
in lines parallel to the axis of the globe, yet as ſoon 
as the motion and attrition are given to the globe 
as before, the threads will begin to raiſe and ex- 
tend themſelves towards the center of the globe, 
and appear like ſo many rays converging towards 
that center in a plane parallel to the horizon: ſo that 
in this caſe the attractive force of the glaſs does not 
only draw the threads out of the parallel poſition 
they have to each other, but likewiſe raiſes thliem u 
in a poſition parallel to the horizon, notwithffand- 
ing the foree of gravity which is conſtantly acting 
upon them to carry them down. 1 . 
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plated without the L Ex O T. 
center, and be of II. 


ch a F 
ſurface; when the globe is turned round, they will E. + 


bend backward contrary to the direction of the mo- 
tion; becauſe the included air, tho? it does in ſome 
meaſure partake of the rotation of the globe, yet 
doth it not move with equal ſwiftneſa, and for that 
reaſon muſt reſiſt the rotation of the threads and 
bend them backward. . When the threads are in 

this Hate, if the attraction of the glaſs be excited 
by attrition, as in the two laſt experiments, they will 
ftraightway extend themſelves towards the concave 
ſurface of the globe, co as it were ſo many 
rays iſſuing from the center, diverging from one 
another 1 in a manner. 

The reaſon why the threads in all theſe experi- 
ments are ſtretched into lines tending either to or 
from the center of the globe, ſeems to be this. 
Whatever be the force wherewith the globe acts on 
the threads, the direction of it muſt be perpendi- 
cular to the ſurface of the globe; conſequently in the 
ſame direction muſt the threads move; but from 
the nature of the globe thoſe and thoſe lines only are 
perpendicular to its ſurface, which either iſſue from 
or tend towards the central point. 

Having ſaid thus much concerning electrical at- 
traction I now proceed to that of magnetiſm. Many 
and ſurprizing are the properties both of the load- 

Kone and netical needle, which however I ſhall 
not here conſider; my intent at preſent being only 
to ſhew from experiment the law of magnetical at- 
traction; or in other words, to ſhew in what pro- 

ion the attractive power of the loadſtone varies 

according to the different diſtances of the iron which 

it attracts. And in order to this, let a loadſtone be 

ſuſpended at one end of a balance, and counter- 

poiſed by weights at the other; let a flat piece of 

Fon be placed beneath it at the diſtance of — 
tent 


Exp. 5. 


Exp. 6. 


_ 
Lzer. 
II. 


or "ATTRACTION. 
tenth parts of an inch, the ſtone will immediatel 
deſcend, and adhere to the iron: let the ſtone again 
be removed to the ſame diſtance, and a weight bf 
four grains and four tenth parts of ' a grain be 


this weight will be an exact counterbalance to the 


thrown into the ſcale at the other end of the b ance 3 
attractive" force, and prevent the deſcent of the 
ſtone; but if any part of the weight be taken out, 


the attraction will prevail, and carry the ſtone down, 


If the ſtone be placed at half the former diſtance, 


that is to ſay, at the diftance of two tenth parts of 
an inch above the iron, the weight neceſſary to 
hinder its deſcent will be about ſeventeen grains and 
an half, that is four times as much as before. Con- 
ſequently the attractive force of the ſtone, at the 


ſingle diſtance from the iron, is to the ſame at the 


double diſtance as four to one, that is reciprocally 
as the ſquares of the diſtances. 


Perhaps it may be objected that Sir IsAac 


 NewrTon (to whoſe judgment in natural affairs the 


daced from ar experiment made with ſuffiejent 
exactneſs, and which does not ſeem liable to any | 


utmoſt regard is due) has faid that the power of the 
loadſtone decreaſes nearly in the triplicate ratio of 
the increaſe of the diſtance. ' But whoever conſiders 
his words in the fifth corollary of the fixth propo- 
ſition of the third book of his principles, where he 
mentions this law, wilt find that he ſpeaks. of it 
with diffidence, as a thing which he rather gueſſed. 
at from fome rude obſervations, than collected from 
accurate experiments, for his words are, Ef in rece/- 
fa a magnete decreſeit in ratione diſtantiæ non duplica- 
r, ſed fere triplicats; quantum ex crafſis quibuſdam. 
obfervationibus animadvertere potui. So that notyath, . 
ſtanding this objection T ſhall ſtill venture to affum 
the law of magnetica/ attraction to be ſuch as makes 
it act with forces which are in the reciprocal du 4 
cate ratio of the diſtance. Becauſe this law is de- 
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exception. 1 
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- Tho? the principle of gravity, which comes next L Rer. 
to bs. treated of, be -the ſolar II. 
ſyſtem, and may probably be ſo far as to... 
reach the other ſyſtems of the univerſe; yet ſhall 
J conſider it at preſent with reſpect — to _ 
globe of earth, which we inhabit ; the parts whe 
of would by reaſon of the diurnal rotation be a ape 
to fly aſunder, were they not kept together by 
influence of this principle; whereby likewiſe all. 
bodies on or near t - ſurſace of the earth 1 
to tend tow-ards its center. This power at eq 
from the center of the 2 — = 
portional to the quapti 9 matter in the body 
whereon it acts; for all as well as 
heavy, being Jet fall from the £ — height deſcend 
with equal ſwiftneſs, provided they meet with no re- 
fiſtance from the air, as will appear from the fol- 
lowing experiment. Let a piece of gold and a fea- Exp. 7. 
ther be let fall from the top of an exhauſted receiver 
at the ſame inſtant of time, and they will both ar- 
rive at the bottom at the ſame time very nearly. 
The : reaſon why the feather doth not reach the 
bottom quite ſo ſoon as the gold, is, that the re- 
ceiver cannot be perfectly exhauſted, and there-- 
fore the ſmall portion of air which remains with- - 
in, though very much rarified, gives ſome ſmall re- 
hase © to the deſcending dolles which ſuitably 
to the nature of all — muſt retard . hter 
body more than the heavier, and conf —— | 
cauſe ſome little difference in the times of Fs 05794 
ſcent, - N otherwiſe would be exactly equal. 
This then the caſe, it evidently follows, 
that the forces Nes ity, whereby bodies deſcend, 
muff at equal di ces from the center be as the 
. Yo 1 5 the 3 bodies; 
or if a certain force of gravity te to car- 
N een coor pom | 
tain ſwiftneſs, then is double the force neceflary to | 
_ down a double quantity of matter 1 4 
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5 the force to carry 
portion * 


down a V. and 


Gays ever be the quantity of matter: © thn Ghoad 


Center it loſts all its gravity. 


of bodies at equal diſtances from the center of the 
earth are always proportional to the quantities 
matter which they contain; and ea the' 
tity of matter . 


weight. 
The ne e a body ar m place beneath the 
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L. Nxwr. to be directly as the diſtance from 
center; that —— the earth's radius to b 


four thouſand miles, a body which on de linter bf! 


the carth-weighs a pound will within the earth at 
the diſtance of two thouſand miles from the center 
weigh only half a pound, at the diſtance of one” 
e miles r eee nagadem 


It has been likewiſe proved dur che force of gras 
vity on the ſurface of the earth, and all diftances- 
beyond it, is in the reciprocal duplicate ae of 
the diſtance from the center; that is, if a woo # 
weighs a 1 at the ſurface of the earth, wh 

the center is four thouſand miles, 
it. will at double that diſtance weigh only a quar- 
ter of a. „mand at triple the diſtance only 
the ninth part of: a pound, and fo on, whatever 
be the diſtance the force: of gravity will be re- 
ciproeally as the ſquare of the 3 For is it 
not highly rational that the of gravity, whats 
eyer it be, ſhould exert —— more vigorouſly in 4 
ſmall ſphere, and weaker: in à greater, in 
ion as it. is contracted or expanded? 2 
ſa, ſeeing; e ſurfaces of ſpheres are as the 
ſquares of their radii, this power at ſeveral diſtances; 
muſt be as thor fines of thoſe diſtances recipro- 


cally; Thai ſtrictly ſpeaking, this be the law of 


gravity, yet: where the diſtances from the ſurface 
are inconſiderable with reſpect to the — 
e 
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the 1 it may as CT. 
* evi thus for .inftance, 4 gravity II,. 
6 2 f dee e lm het | 
| LE) be looked upon as equal to the gravity | 
theregf at the = ag quarter e of = 3 Or 
| at the e the difference is ſo 
\ mall, e K de rejected it will not occaſion 
any error. in 1e en And indeed on this 
e are founded moſt of the reaſonings of | 
GALLIL So, . Huygzns, and 
other haturaliſts ,con eure deſcent of heavy 1 
ans — by the help of the Laos ſuppoſition 
e ſeyera] theorems been formed relating to | 
8 ration of falling bodies, the ſpaces deſcribed, 
the times of the fall, and the velocities thereby ac- 
quired; as I ſhall now. ſhew: you... 

If the force of 4 eu ity whereby a body defends 
remains unvaried, the motion of a body falling by 
ſuch. a, force will, be accelerated, and that — — 
ly; that is the velocity will i in and Fang incre- 
ments thereof .m. equal times will, qual. For 
let us ſuppoſe the time of the deſcent to be divided 
into a number of equal parts indefinitely, ſmall, in 
each of which by ſuppoſition the force of gravity 
makes equal impreſſions on the body to carry it | 
down; whatever velocity therefore the body re- | 
ceives from the impreſſion of gravity in the firſt 
portion of time, it muſt receive as much in every 
other portion ; ſince therefore ſetting aſide all out- | 
hank lets and obſtacles the effect of ey 1 impreſſion | 

the velocity given in the portion, of 
une l be doubled in the ſecond, Se in the 
910 quadrupled in the fourth, and ſo on continu- 2 
ally through the ſeveral portions of time, So that — 
a the velocity of a body falling by the force of gravi- 
8 ty will a Ps increaſe in the ſame . 
with the time of the deſcent. Or in other words, 
the motion of a body carried down by the force of 
grayity mill be el accelerated; and the ve-, 


locities 
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Fig. 4. 


on ATTRACTION. | 

locities acquired will be as the times of the deſcent 
from the beginning of the fall. ES. 
— From what has been ſaid it follows, that if a 


right line as AB be ſuppoſed to denote the time 
of a body's. fall, and another right line as BC 


ſet at right angles to the former, to expreſs the ve- 


locity acquired by the falling body in the time de- 
noted by AB. The triangle ABC being com- 
pleted, and another right line as DE drawn pa- 
rallel to BC, then will DE denote the velocity 
acquired by the falling body in a portion of time, 
which is to the time denoted by AB, as AD to 
AB. For from the nature of fimilar triangles, 
AB is to AD as BC to DE; but BC expreſſes 
the velocity acquired where the time is as AB, con- 
ſequently, fince the velocities ate as the times of the 
deſcent DE will expreſs the velocity acquired in 
the time denoted by AD. Tr 
And what has been thus proved of the line DE, 
is in like manner true of any other right line, as FG, 
or HI, drawn within the triangle parallel to tte 
baſe; for FG and HI will expreſs the velocities 
uired-in the times denoted by AF and AH. . 

The ſpaces deſcribed by bodies falling from a 
ſtate of reſt by the force of gravity are to one ano- 
ther as the ſquares of the times from the beginning 
of the fall. In the triangle ABC, let AB ex- 
preſs the time of a body's. fall, and BC the velocity 
acquired at the end of the fall, let AB be divided 
into a number 'of equal parts indefinitely ſmall ; 
and from each of thoſe diviſions ſuppoſe lines, as 
DE drawn parallel to BC; it is evident from 
what has been faid, ' that thoſe lines will exprefs the 
velocities of the falling body in the ſeveral reſpective 
points of time ; which velocities, inaſmuch as 
the body is given and the portions of time are in- 
definitely ſmall, will be. as the reſpective ſpaces 
deſcribed in thoſe times: but the ſum of the ſpaces 
deſcribed in all the ſmall portions of time is equal 
ERA to 


Or ATTRACTION. 
to the ſpace deſcribed from the beginning of the L x OT- 


fall; and the ſum of all the lines, as DE, taken in- 


IF. 
II. 


definitely near each other conſtitute the area of the: 


triangle. And therefore the ſpace deſcribed by a 
falling body in the time expreſſed by AB, and where 
the velocity acquired at the end of the fall is denoted 
by BC, will be as the area of the triangle ABC. 
And for the ſame reaſon the ſpace deſcribed by 4 
falling body in the time — by AD will be 
as the area of the triangle A DE. But from the 
nature of ſimilar triangles theſe areas are to one ano- 
ther as the ſquares of their homologous ſides; that 
is, as AB? to AD, or as BG to DEA. But AB 
and A D expreſs the times of the fall, and BC and 
D E the velocities acquired by the fall; wherefore 
the ſpaces deſcribed by a falling body are as the 
{quares of the times from the beginning of the fall, 
or as the ſquares of the velocities at the end of the 
fall. And what has been thus demonſtrated from 
the nature of gravity is likewiſe confirmed by expe- 


riments. For if a weight of eleven hundred grains Exp. 8. 


be let fall from the height of three inches, fo as to 
ſtrike one end of a balance, its force will be juſt 
ſufficient to raiſe a pound weight at the other end 


of the balance to the height of about the _ | 


or tenth part of an inch; whereas if the ſame 
body be required to raife a weight of two pounds 
to the ſame height, it muſt be let fall from the 
height of twelve inches; and if the weight to be 
raiſed be three pounds, then muſt the moving body 
fall from the height of twenty ſeven inches; for 
leſſer heights will not ſuffice, as will appear from 
the experiment. 

Tze forces wherewith the deſcending body ſtrikes 
the end of the balance are meaſured by the weights 
that are raiſed; which in this caſe are as one, two, 
and three ; but the forces wherewith one and the 
ſame body ftrikes are as the velocities of the body : 
wherefore in the caſe before us the velocities n_—_ 

C y 
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the heights from which it deſcends in order to ac- 


WY V quire thoſe velocities are as one, four, and nine; 


Exp. 9. 


that 1s, as the ſquares of the velocities. 

If this experiment be repeated with a body dou- 
ble in weight to the former, to wit, with one of 
twenty two hundred grains ; the weights raiſed by 
the ſtrokes will be two, four, and fix pounds, to wit, 
double the former. | 

From this experiment appears the truth of that 
rule, which collects the quantity of motion in any 
body by multiplying the velocity of the body into 
its quantity fi matter. For the force of a ſtroke 
is, ceteris paribus, always proportional to the quan- 
tity of motion in the ſtriking body; conſequently 
in like circumſtances the motions of bodies may be 
meaſured by the force of their ſtrokes. But it has 
appeared from the experiment, that where the ſtrik- 


ing body is as unity, and the velocities wherewith 


it moves at the times of the ſtrokes as one, two, 
and three, the forces of the reſpective ſtrokes are 
likewiſe, as one, two, and three. But where the 
body is as two, the ſtrokes are as two, four, and 
fix : that is, in both caſes the ſtrokes are as the pro- 
ducts ariſing from the multiplication of the quanti- 
ties of matter in each body into the reſpective velo- 
cities ; wherefore the quantities of motion are as thoſe 
products. Whence as a corollary it follows, that if 
the weight of one body multiplied into its 8 
gives an equal product to what ariſes from the mul- 
tiplication of the weight of another body by its 
velocity, the motions of thoſe two bodies are equal; 
and this will ever be where the weights of the bo- 


dies are reciprocally proportional to their velocities. 


Thus when the body, whoſe weight was as unity, 
was let fall from the height of twelve inches, and 
thereby acquired a velocity which was as two; it 
raiſed a two pound weight, which was likewiſe raiſ- 


ed by the body whoſe weight was as two, when by 
8 2 + —_— 


A APO RH K „ 


jj . Xt. 4s . AX. tdi. ont 


» @ I RW, + 3 oO 6 


RS PRANSYPT 


Or ATTRACTION. 


quired a velocity which was as unity. . 

From what has been proved concerning the ſſ 
deſcribed by falling bodies it follows, that if the 
time of a body's fall be divided into a number of 

ual parts, the ſpaces thro* which it falls in each 
of thoſe parts of time taken ſeparately and in their 
order, beginning from the firſt, are as the odd 
numbers taken in likewiſe in their order, beginning 
from unity. For inſtance, if the time of the fall 
be four ſeconds, the ſpace deſcribed in the firſt of 
thoſe ſeconds will be as one, in the ſecond as three, 
in the third as five, and in the fourth as ſeven ; 
for where the times of the fall are as one, two, 
three, and four, the ſpaces deſcribed are as one, 
four, nine, and fixteen ; and therefore if from the 
ſpace deſcribed in two ſeconds, to wit, four, be 
{ibdudted the ſpace deſcribed in the firſt ſecond, to 
wit, one, the remainder, to wit, three, will be the 
ſpace deſcribed in the next ſecond. And if from 
nine, which is the ſpace deſcribed in three ſeconds, 
be taken four, which is the ſpace deſcribed in two 
ſeconds, the remainder, which is five, will be the 
ſpace deſcribed in the third ſecond. In like man- 
ner ſubducting nine, the ſpace deſcribed in three ſe- 
conds, from fixteen, which is the ſpace deſcribed 
in four ſeconds, the remainder, to wit, ſeven, will 
be the ſpace deſcribed in the fourth ſecond ; and fo 
on, according to the number of parts into which 
the time of the fall is divided. 

From what has been faid it likewiſe follows, that 
the velocity acquired by a falling body at the end of 
the fall is ſuch as with an equable motion would m 
the ſame time, in which the body fell, carry it thro? 
a ſpace double that of the fall. That the truth of this 
may be made appear, it is neceſſary that ſome things 
be premiſed concerning the ſpaces deſcribed by bo- 
dies carried with an equable motion. And firſt, if 
the velocity of a body W uniformly be mm 

2 e 


falling from the height of three inches it had ac- Lzc r. 
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Le r. the ſpace deſcribed will be as the time of the mo- 
II. tion; for if a body with a given velocity moves 
A thro' a certain ſpace a foot, for inſtance, in a ſecond 


Fig. 5. 


of time, it will in two ſeconds, with the ſame velo- 


city, move thro' two feet, and thro? three feet in 


three ſeconds, and ſo on, whatever be the time 
the ſpace deſcribed will be proportional thereto, On 
the other hand, if the time be given, the ſpace 


. deſcribed will be as the velocity ; for if a body in 


a given time moves thro? the ſpace of a foot with 
a certain velocity, with double the velocity it will 
paſs thro? the ſpace of two feet, and with triple the 
velocity thro* the ſpace of three feet, and ſo on, 
whatever be the velocity the ſpace deſcribed will 
be in the ſame proportion. But if neither the time 


of a body's motion, nor the velocity wherewith it 


moves be given, the ſpace deſcribed will be as the 
time and velocity conjointly ; for if a body moving 


with a certain velocity runs thro? a certain ſpace in a 


certain time, it follows from what has been ſaid, that 
if the time be increaſed or diminiſhed in any pro- 


portion, in the ſame alſo will the ſpace be increaſed 


or diminiſhed, ſuppoſing the velocity to remain the 
ſame, but if that likewiſe be changed, it is plain 
that the ſpace will be changed in the ſame propor- 


tion; and therefore univerſally the ſpace deſcribed 


by a body moving e is as the time and velo- 
city conjointly. For which reaſon, if in the re&- 
angle one fide, as A B, be ſuppoſed to denote the 
time wherein a body moves equally, and B C the 
velocity wherewith it moves, the rectangle AB CD 
will be as the ſpace deſcribed; but the triangle 
AB C, of the ſame figure, is as the ſpace deſcribed 
by a falling body in the time denoted by A B, and 
BC is as the velocity acquired at the end of the 
fall; and the rectangle AB CD is double the tri- 
angle A B C, conſequently the velocity acquired by 
a falling body is ſuch as will carry the body with an 
equable motion in the time of the fall thro? double 
the ſpace of the fall, As 
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As the motion of bodies falling from a ſtate of LE c 7+ 


reſt is uniformly accelerated ; fo likewiſe the motion 


of bodies thrown upward 1s uniformly retarded Ys 


for the ſame force of gravity, which conſpires with 
the motion of deſcending bodies, acts in direct op- 
poſition to the motion of ſuch as aſcend ; and 
therefore in whatever manner it accelerates the one, 
in the very ſame manner muſt it retard the other. 
Whence it follows, that if a body be thrown dire&- 
ly upward, the time of its rife will be equal to 
that wherein a body falling freely from a ſtate of 
reſt acquires the ſame velocity wherewith the body 
is thrown up. For fince the action of gravity is 
conſtant and uniform in whatever time it generates 
any velocity in a falling body, in the ſame time muſt 
it deſtroy that velocity in a rifing body : and there- 
fore the time of the riſe muſt be equal to that of the 
fall. It likewiſe follows, that the height to which 
a body thrown upward rifes, is equal to that from 
which a body falling freely does at the end of the 
fall acquire a velocity equal to that wherewith the 
body is thrown up. For fince the times in which 
the velocity of the falling body is generated, and 
that of the rifing body is deſtroyed, are equal: 
and ſince of the two equal velocities one is gene- 
rated and the other deſtroyed by the conſtant uni- 
form action of one and the ſame power; it is mani- 
feft, that whatever be the ſpace thro* which the fall- 
ing body moves in order to acquire its velocity, the 
iſing body muſt aſcend thro? an equal ſpace in or- 
der to loſe its velocity ; that is, it muſt riſe to the 
fame height from which the other falls. 

The | of gravity at the ſurface of the earth is 
ſach as, ſetting aſide the refiſtance of the air, makes 
a body falling from a ftate of reſt to deſcend thro? 
a ſpace of ſixteen feet and an inch in a ſecond of 
time. For the time wherein a pendulum performs 
its ſmalleſt vibrations 1s to the time in which a body 


falls thro half the length of the pendulum, as the 
C 3 circum- 
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LI e r. circumference of a circle to its diameter (as ſhall be 


II. 


ſhewn when I come -to treat of the pendulum) 
wherefore ſince the ſpaces deſcribed by falling bo- 
dies are as the ſquares of the times, and ſince the 
diameter of a circle expreſſes the time which a body 
takes to fall thro' half the length of a pendulum 
vibrating ſeconds, when the circumference expreſ- 
ſes a ſecond ; it follows, that as the ſquare of the 
diameter is to the ſquare of the circumference, ſo is 
half the length of the pendulum to the ſpace thro? 
which a body falls in a ſecond of time. + So that 
putting D to denote the diameter of a circle, which 
is as unity, P the periphery, which is as 3,1416, 
L the length of the pendulum vibrating ſeconds, 


which is 394 inches; and S to denote the ſpace 


GT L 
fought ; we ſhall have this analogy, D* : P*: : =:S. 


Conſequently S S 2 or rejecting the diviſor as 
being equal to unity, S=P*;L=193 inches, or ſix- 


teen feet and an inch. 


Before I quit this ſubject I muſt obſerve to you, 
that bodies do not every where deſcend at the rate 
of ſixteen feet and an inch in a ſecond of time, but 
in ſuch places only as are in or near the latitude of 
forty nine degrees; in places more diſtant from the 


line the deſcent is quicker, and more flow in thoſe 


leſs diſtant. For the force of gravity is leſs to- 
wards the æquator than towards the poles, as has 
been collected from obſervations made on pendu- 
lums; for they have been found to vibrate more 


flowly near the line than in places farther removed; 


inſomuch that a pendulum, which in the latitude of 
Paris vibrates ſeconds, muſt be ſhortened one fixth 
of an inch French meaſure in order to its vibrating 
ſeconds under the line. And the length of a pen- 
dulum, which in the latitude of Paris performs its 
vibrations in a ſecond, is to the length of a me 

dulum, 
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dulum, whoſe vibrations are performed in the fame LRT. 


time under the line, as 220 to 2 19. Since therefore 


the forces of gravity, which actuate pendulums that 


vibrate in equal times, are to one another as the 
lengths of the pendulums (as ſhall be ſhewn when I 
come to treat of pendulums) it is evident that the 
force of gravity in the latitude of Paris is to the 
ſame force under the line as 220 to 219. And in- 
deed it has appeared from a great number of ob- 
ſervations, that the force of gravity is leaſt at the 
æquator, and that it continually increaſes as we re- 
cede from thence and approach the poles, under 
which it is greateſt of all. And the chief cauſe of 
this difference is the rotation of the earth about its 
axis, whereby all bodies on or near the ſurface of the 
earth are indued with a centrifugal force, which acts 
in oppoſition to that of gravity, and of courſe muſt 
leflen the ſame ; and the diminution of gravity ariſ- 
ing from this cauſe muſt be greateſt under the 
equator, and grow leſs and leſs in the approach 
to the poles: and that for two reaſons, firſt, be- 
cauſe the centrifugal force is greateſt at the æqua- 
tor, and from thence towards the poles is continu- 
ally diminiſhed ſo as at laſt to vaniſh in the polar 
_ For all parts of the earth's ſurface, with the 

ies thereto adjacent, revolve in the ſame time 
either in the equator, or in circles parallel thereto 
but the equator is the largeſt of all thoſe circles, 
and the others grow leſs and leſs as they are more 
and more diſtant from the æquator. Now the cen- 
trifugal forces of bodies revolving in the ſame time 
in different circles being to one another as the ra- 
dii of the circles (as ſhall be ſhewn when I come 
to treat of thoſe forces) it follows, that the centri- 
fugal force muſt be greateſt at the equator, and 
thence be continually diminiſhed towards the poles. 


To illuſtrate this, let A B be the axis of the earth, Fig 


CK the radius of the æquator, DI, E H, and FG 


the radu of ſo many circles parallel to the æquator, 
C 4 the 
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LE r. the centrifugal forces in the points K, I, H, G, wp 


as thoſe radii; ſo that the centrifugal force is great- 


— eſt in the point K, that is, at the æquator, and at I 


it is leſs than at K, and at H leſs than at I, and 
leſs again at G, and ſo on, till at length it vaniſhes at 
the polar point, where there is no rotation. Whence 
it is evident, that the force of gravity muſt be 
ſmalleſt under the line, and muſt increaſe towards 
the poles, inaſmuch as the force which acts in op- 
poſition to it is greateſt under the line, and leſſens 
in the approach to the poles. The force of gravity 
muſt likewiſe be leſs under the zquator than in any 
other place, becauſe under the line the centrifugal 
force acts in direct oppoſition to the force of gravity, 
whereas in other places it acts in an oblique direction 
to that of gravity, and of conſequence muſt act leſs 
powerfully againſt it. Thus in the point K the 
force of gravity pulleth from K towards C, whulft 
the centrifugal force pulleth directly contrary from 
C towards K; whereas in the point L gravity pull- 
eth from L towards C, whilſt the direction of the 
centrifugal force is from O towards L. Let the 
centrifugal force in the point L be expreſſed by the 
line LM, and to CL continued to N let fall the 
perpendicular MN: the force LM, according to 
the known method of reſolving forces, of which I 
ſhall ſpeak hereafter, may be reſolved into two forces 
denoted by the lines NM and LN; whereof the 
latter only acts in oppoſition to gravity, as pulling 
directly againſt it; the other no way affecting the 
fame : conſequently ſuppoſing the centrifugal force 
at L to be the ſame as at K, yet will the force of 
gravity be leſs diminiſhed by it at L than at K; 
cauſe at L part only of the centrifugal force re- 
fiſts that of gravity, whereas at K the whole cen- 
trifugal force acts in oppoſition thereto. | 
From what has been faid it follows, that the force 
whereby gravity is leſſened in the æquator is to the 
force whereby it is leſſened in any other part of the 
' earth's 


e 
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earth's ſurface as the ſquare of radius to the ſquare 
of the fine of the compliment of latitude. For the 
centrifugal force in the point K, the whole of which 


acts in oppoſition to gravity, is to the centri 
force in _— L. as CK or CL to OL; but the 


whole centrifugal force in Lis to that part of it which 
oppoſes gravity, as LM to LN, that is, becauſe 
the triangles LNM and COL are ſimilar, as CL 
to OL; wherefore the centrifugal force or the force 
which oppoſes gravity in the point K is to that part 
of the centrifugal force which oppoſes gravity in the 
point L in the duplicate ratio of CL to O L, that 
is, as the ſquare of radius to the ſquare of the fine 


of the compliment of latitude. 
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wers in nature, whereby not only the larger 
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S experience has convinced us that there are 7 xc. 


IIL 


ſyſtems and collections, but likewiſe the ſmaller Cons 


parcels and particles of matter are in ſome caſes 
made to tend to one another; the ſame experience 
will inform us of other powers in nature, whereby 
the parts of matter do in ſome circumftances recede 
and fly from each other. For if the difagreeing 
pole of a loadſtone be moved towards a magnetical 
needle floating on water, the needle will recede ; and 
the nearer the ſtone is brought to it; with the greater 
violence and precipitation will it fly off ; the repelling 


power, like the attractive, exerting itſelf with grea- 


ter vigour at ſmaller diſtances. 

This repelling power is likewiſe evident from the 
experimen ch were made relating to electrical 
attraction : Mit was obſervable that upon holdin 
the glaſs tube, when heated by friction, nigh ſm 


Pieces of braſs-leaf ; ſome of thoſe pieces which 2 
2 e 
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LE e r. the attraction had been raiſed towards the tube, 


— 


III. were, before they could reach it, driven back again 
Vith great precipitation: and of thoſe which ad- 


— 


hered to the tube ſome were thrown off with a ve- 
locity much greater than could poſlibly ariſe from 
the force of 1 in ſuch light bodies, and con- 
* muſt have been driven down by ſome re- 
pelling power in the glaſs. And in the experiments 
of the glaſs- globe and woollen threads; when the 
threads were, by the attractive force of the globe, 
made to extend themſelves towards its ſurface, upon 
moving one's finger towards them, they were ob- 
ſerved to recede and fly off, and that at conſidera- 


ble diſtances from the finger; which plainly argues 


a repelli wer interceding the finger and the 
As — Fun under the ; Ar ny of thoſe ex- 
periments. From this power it is, that the leaves 
of the ſenſitive plant ſhrink and retire from the 
touch of an approaching hand. And to the ſame 
power we are to attribute the elaſticity of the air; 
as alſo the ſhaking off of the particles of light from 
the ſun and other luminous bodies. 
Beſides the forementioned principles of attraction 


and repulſion, whereby nature ſeems to perform 


moſt of her operations, and which for that reafon 
are very properly ſtyled active principles; there is 
another of a ve nature, commonly called the 
vis inſita and vis inertiæ of matter, a force ariſing 
from the inertneſs or inactivity of matter; which 
force in any body 1s proportional to its quantity of 
matter. From this force reſult three paſſive laws of 
motion, uſually called by modern naturaliſts the 
three LAWS OF NATURE *, 

The 


* By virtue of the v inertiæ it is, that the motion of a body, 
produced by a force impreſſed upon it, is meaſuggd by the quan- 
tity of matter in the body and its velocity gether. For 
the body, by its vis inertie, reſiſts the force Mpreſled upon it, 
which cauſes its motion, in proportion to its quantity of matter; 
and conſequently to produce a given tendency in = bod 
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LAWS oF NATURE. 35 
The firſt of theſe laws is, That every body, in Lr, 
proportion to its quantity of matter, perſeveres in III. 
its preſent ſtate, whether it be of reſt or uniform 
motion ſtraight forward in a right line. For as ; 
every particle of matter is with reſpect to itſelf per- 
fectly unactive, it is utterly impoſſible it ſhould pro- 
duce any alteration in its own ftate ; for which rea- 
ſon (ſetting afide all impreſſions from external 
cauſes) if it be at reſt, it muit continue ſo for ever 
or if in motion, it muſt for ever continue its motion 
without any change, either as to direction or velo- 
city : ſo then the continuation of motion in bodies 
projected (the cauſe whereof very much perplexed 
the naturaliſts of old) is to be attributed to the - 
five nature of matter, which makes it as impoſſible 
for a body of itſelf to ſtop its own motion when 
once _ as it is for it to move itſelf originally, 
or of itſelf to change its figure. | 
As a conſequence of this law it follows, that all 
motion is of itſelf equable and rectilineal. For 
firſt, whatever be the velocity wherewith a bod 

ins to move, the ſame velocity muſt continue 
during the motion, unleſs a change be made therein 
by ſome cauſe from without; wherefore the body 


forward, by which it moves at a given rate, or with a given 
velocity, the force impreſſed muſt be proportional to the ce 
ariſing from its vis inertiæ, that is, to its quantity of matter; 
and if the quantity of matter in the body, and conſequently the 
reſiſtance ariſing from its vis inertie, be given, the force im- 
preſſed will be proportional to the tendency forward which it 
communicates to the body, that is, to its velocity; and if neither 
the quantity of matter in the body, nor its velocity be given, the 
force impreſſed will be in a ratio compounded of the quantity of 
matter and velocity ; that is, putting F for the force impreſled, 
Q for the quantity of matter in the body, and V for its veloci- 
, F will be as Q V. But the motion of the body is the ef- 
produced by the force F, and is proportional to it, that 1s, 
putting M for the motion of the body, M is as F. And there- 
fore by proportion of equality, M will be as Q& V or the 
motion of the body will be meaſured by its quantity of matter 

and velocity taken together. 
muſt 
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III. 


Fig. 8. 


Or CENTRAL FORCES. 
muſt in equal times move through equal ſpaces with 
an uniform velocity ; that is, the motion muſt be 
equable. And as motion is by virtue of this law in 
itſelf equable; ſo is it likewiſe rectilineal; for moti- 
on cannot otherwiſe be conceived than as directed 
and determined towards ſome place or other; and 
it muſt by the foregoing law keep the direction 
which it had at firſt, until it be hindred or put out 
of its way by ſome extrinſic cauſe, that is, it muſt 
move on in a right line. If therefore a body moves 
in a curve, that curvature muſt of neceſſity pro- 
ceed from ſome external force continually acting on 
the body; and whenever that force ceaſes to act, 
the body will move forward in a right line touch- 
ing the curve in that point wherein the body is at 
the inſtant of time when the force ceaſes to act. 
Thus for inſtance, if a ſtone, moved about in a 
fling, be ſet at liberty by flipping one end of the 
ſling, it will not continue its circular motion, but 
go on in a right line touching the circle made by the 
circumvolution of the ſling in that point where the 
ſtone is let go. If the circle B CDE be the 
curve deſcribed by the revolution of the ſling AB 


about the center A, and if the ſtone be let off 


at the point B, it will move on in the right line 
BG, which touches the circle in B. For by the 


| lay, the natural tendency of the ſtone in the point 


B is along the line BG, though by the force of the 
fling it be made to revolve in the curve. And what 
has been faid of the ſtone in the point B, is in like 
manner true of the ſame at any other point as C, D, 
or E; for in thoſe points its tendency is along the 

lines CF, DH, and EK. 
Another conſequence of the foregoing law is that 
all bodies, which revolve about a center, muſt en- 
deavour to recede from the center : for ſince bodies, 
that are moved round in a curve, do of themſelves 
in every point of the curve tend to move in the 
| tangents 


Or CENTRAL FORCES. 


tangents to each point; and fince all the parts of Lzct. 


the tangents are more diſtant from the center of 


motion than are the parts of the curve, as is evident 


from the figure, it is manifeſt that bodies ſo moved 
muſt perpetually endeavour to fly off from the cen- 
ter of motion, which endeavour of receding is 
commonly called the centrifugal force; and it is op- 
poſed to the centripetal force, or that force which 
by drawing the bodies towards the center makes them 
to revolve in a curve. | 
Theſe two forces are by one common name called 
the central forces; and they are in all caſes equal 
the one to the other. For let us ſuppoſe a body to 


revolve in the orbit EA C, and that being in the Fig. 9. 


point A the nt jr force ceaſes to act, it will 
then move forward in the direction of the tangent 
AB, and B C will be the ſpace through which the 
body recedes from the orbit by means of the centri- 
fugal force; and if AB be in its naſcent ſtate, the 
centrifugal force will be as BC ; but if the centri- 
petal force acts at A, it will make the body deſcribe 
the arch AC in the ſame time that it would deſcribe 
the tangent A B, in caſe it were not acted upon by 
the centripetal force; conſequently the ſpace B 
is deſcribed by means of the centripetal force; and 
the arch AC being in its naſcent ſtate, the centripe- 
tal force will be as.BC, and of conſequence equal to 
the centrifugal. 

In treating of theſe central forces I ſhall proceed 
in the following manner. Firſt, I ſhall conſider 
two equal bodies moving uniformly in two different 
circles; and thence deduce one general expreſſion 
for the central forces in the terms of the circle. 
Secondly, By — other proportional quan- 
tities in the place of thoſe which conſtitute the ge- 
neral 4 I ſhall form other general expreſ- 


ſions for the ſame forces. Thirdly, By a proper 


application of thoſe expreſſions J ſhall — 
wS 
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LE e r. laws of central forces in particular caſes, and at the 
III. fame time confirm each law by an experiment. 


As to the firſt, if two equal, bodies moving uni- 


Fig. 10, 11. formly in the circles marked 1, & 2, do in the ſame | 


portion of time taken indefinitely ſmall deſcribe the 
naſcent arches AC; and if from the points C be 
drawn the lines C B, perpendicular to the tangents 
AB, thoſe lines will expreſs the proportion of the 
central forces. For fince the time in which the 
arches A C are deſcribed is indefinitely ſmall, the 
bodies will be carried thro? the ſpaces B C, by one 
ſingle impulſe of each central force; for which rea- 
ſon the motions of the bodies through thoſe ſpaces 
will be uniform; conſequently, ſince the time of 
the motion is the ſame, and the bodies equal, the 
motions will be as the ſpaces deſcribed, that is, as 
the lines BC; but forces which generate equable 
motions are' to one another as the motions gene- 
rated; that is, in this caſe, as the lines B C; which 
lines being equal to the verſed fines AD of the 
arches A C, muſt be equal to the ſquares of the 
arches A C, divided by their reſpective diameters 
AE. For from the nature of the circle, the verſed 
fine of any arch is equal to the ſquare of the chord 
divided by the diameter; but as in this caſe the 
arches A C are ſuppoſed to be naſcent, they do not 
differ from their chords; and therefore in each 
circle the verſed fine of the arch A C (which verſ- 
ed fine expreſſes the central force) is equal to the 
{quare of the arch divided by the diameter : conſe- 
quently the central forces are as the ſquares of the 
naſcent arches applied to their reſpective diameters ; 
and foraſmuch as thoſe naſcent arches are to one 
another as any other two arches which are deſcribed 
by the revolving bodies in a given time, the central 


forces of two equal bodies revolving uniformly in 


different circles are to one another as the ſquares 
of the arches deſcribed in a given time applied to 
their reſpective diameters ; or becauſe the diameters 

are 
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are as the radii, as the ſquares of the arches applied LRT. 
to their reſpective radii, Wherefore putting A to III. 


denote the arch of a circle deſcn in a given 
time, D for the radius, and F for the central — F | 


WF is as 49 as it ſtands in the firſt place of the firſt 


D 
rank of ſymbols. 
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As the bodies are ſuppoſed to move uniformly in 


the circles, it is evident that the arches deſcribed in 


a given time are as the velocities of the revolving 

bodies ; and therefore in the general expreſſion for 

the central force, the velocity of the body may be l 
ſubſtituted in the place of the circular arch ; whence | 
putting V for the velocity of the 'body, F is as | 


55 as in the ſecond place of the firſt rank of 


ſymbols, which is a ſecond general expreſſion for | 

the central force. = 

Again, the velocity of a body moving uniformly | 

in a circle is as the radius applied to the periodic | 
time, or the time of one intire revolution, For if 
the velocity of the body be given, the periodic time 
muſt be proportional to the circumference of the 

circle, inaſmuch as a body, which with a given ve- 
locity deſcribes a certain ſpace in a certain time, 
will require a double or triple time to deſcribe a 
double or triple ſpace ; and univerſally whatever be 
the — t the ſpace, the time in 3 it is 
| eſeribed 


40 
L e r. deſcribed will be proportional to it. If the circum- 
HI. ference of the circle be given, the periodic time will 
1 be inverſly as the velocity with which the body 
moves; for if a body mo! through a given ſpace 


or CENTRAL FORCES: 


with a certain velocity in a certain time, it will 
with double the velocity move through the ſame 
ſpace in half the time, and with a triple velocity in 
one third of the time; and in general, in whatever 
proportion the velocity is increaſed, in the ſame 
proportion will the time be leſſened; that is, the pe- 
riodic time will be inverſly as the velocity. If 
therefore neither the circumference of the circle, 
nor the velocity of the body be given, the periodic 
time will be directly as the circumference, and in- 


verſly as the velocity; that is, as the circumference 
applied to the velocity; or (becauſe the circum- 


ference is as the radius) as the 2 to the 
velocity. Wherefore putting P for the periodic 
time of a body 8 in a circle, P is as 


| * , and conſequently V is as 2 If therefore in the 


P 
ſecond general expreſſion 5 be ſubſtituted in the 
place of V, we ſnall have a third general expreſſion 
for the central force, wherein F is as Pi, as in the 


third place of the firſt rank of ſymbols. 

Again, the periodic time of a body revolving 
uniformly is inverſly as the number of revolutions 
performed in a given time. For if the periodic 
time of a body be ſuch, as that in a given time it 
can perform a certain number of revolutions ; if the 

riodic time thereof be doubled, it will perform 

ut half the number of revolutions in the ſame time ; 
and if the periodic time becomes thrice as great, 
it will perform but one third of the number of re- 
volutions in the given time; and fo on, as the 
riodic time is i the number of l 
wWi 


Fame oo& as a 
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will be diminiſhed in the ſame aer ſo that Lx Gr. 


putting N for the number of rev 
time, P will be as N Conſequently, if in the third 


general expreſſion © be ſubſtituted in the rom of 


P, we ſhall have a fourth general expreſſion for the 
central force, wherein F is as DN?, as it ſtands in 
the laſt place of the firſt rank of ſymbols. 

In collecting theſe general expreſſions, I have all 
9 the quantity of matter in the revolv- 
ing body to be given; and for that reaſon have 
not made it a part of thoſe expreſſions, inaſmuch 
as it may be denoted by unity; and as ſuch, whe- 
ther it be taken in, or left out, it will not vary the 
expreſſions. But the caſe will be different, if the 
quantity of matter in the revolving body varies; 
becauſe the central forces, and conſequently the ex- 
preſſions for thoſe forces, will likewiſe vary; ſo as to 
be greater cæteris paribus in larger quantities of mat- 
ter than in ſmaller. For the whole central force of 
any body is made up of the forces of each particle 
whereof the body conſiſts; and therefore the more 
numerous the y of matter are in any body, 
the r will its central force be; ſo as to be 
double in a double quantity of matter, triple in a 
triple, quantity; and fo on in proportion to the quan- 
tity of matter. In order therefore to render the ex- 
preſſions yet more general, let Q be put for the 

tity of matter in the revolving body, and let 
it be multiplied into each of the four expreſſions, 
93 re s TN 
re I apply theſe expreſſions to the ſeveral par- 
ticular caſes. | ſhall offer un experiment in confirma- 
tion of what I juſt now proved, viz. that the greater 
the quantity of matter in any body is, the greater is 
the central force. _ 


D = 


utions in a given III. 
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90. CENTRAL, FORCES. 
1 ano 25 With water ad mf e 


dolles the third” with water and a piece oth cork, 


f. be ſropped cloſe, and made faſt to an inclined p 


and let the plane be ſo fixed to a table 3 


. its center by means of a Wheel and axle, as 


t the lowermol part of th ate hy. reſt upon 
the center of the table, As long as the table con- 


51 Are reſt, the liquors and ſolids 1 in 9 


by by reaſon of their gra ſſeſs th em- 
Sci of rr ts of the Ws en lye: ext. the 


center of the table, leaving the remoter 12 15 re 


and of the two bodies included in 
which 1 is heavieſt will be neareſt 12 cent 27599 
on turning the table about, the ſeveral hodigs 
by reaſon of their centrifugal forces, whe! by th 1 
are catried from the center of motion, by to 
uppe permoſt p 7 pp a and in C he 
heavier 1 the uppermoſt place 15 
in indued Toth . centrifugal rce. 
550 bodies moving in equal circles 1 
reyolutions in equal times, or in 0 if, 18 
the velocities of bodies revolving in 9, be 
and their diſtances from the center ewiſe e 


po 


their centrifugal forces are as their quantities f m 
Fa in 


| firmed by the fo 


ter, the ſecond general expreſſion, fince \ 
and D are given, F 1s as Q; that is, the central 
force is as the quantity of matter; * is con- 


ſmall coughs be ſo fixed to two 0 5 les, 
as that the centers of the troughs may lye upo 
centers of the tables, and let the centers 5 the 
tables 2 dark to ro = ,M each dre eel 83 
grooyed w W1 u ameters z et the two 
wheels be turned b Ve Fe bo 
chord going Jn em: it is Dex ar that ale 
es 


wheels are they, and conſequently t 
with their et troughs, muſt —.— their re- 


volutions 3 in the ſame time; and the parts of the 


tables 
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tables and troughs,” whoſe diſtances from their re-Ls.cT. 
ye centers are equal, will revolve equally 1 | 
85 'and ſd likewiſe muſt all bete that ire placed == 
bs, the troughs : at equal diſtances from the ans; ; 

that by this f ASK ore if two bodies be placed 
One in Lick trough at 1 wg diſtances from the centers, 
they will revive eq * ſwift, Let then two balls, 
uh reof one is double e other, be laid one in eat 

youth and let each ball be faſtened to one end © 
A ch d, whoſe other end paſſing through an hole 
in the center of the table is — | faſt to a Og 
which reſts upon the floor; and let the lengths o 
the chords be ſuch, as that being ſtretched, and the 
weights not raiſed, the balls in the tro hs may be 
equally diſtant from the centers. This one 
if the weights be to one another as the balls, and if 
the tables be turned about with ſuch a nd 
that the centrifugal forces of the balls may be ſuffi. 
cent to raiſe the weights, they will be lifted pre 
ciſely at the ſame time. Whence it appears, 
this of the centrifugal forces are as the quantities of 
matter maſmitch as t * overcome reſiſtances which 
afe i in that pro 
If equal wo moving in unequal circles perform Exp. 3. 
por ales in equal times. Orin other word 

the quantity of matter in the revolving bodies be 

ven, as alſo the number of revolutions performed 

A given time, their centrifugal forces are as their 
Uiſtarices from the center. For in the fourth general 
Eh for fince Q and N are given, F is as D; that 


the force'is as the diſtance. For the confirmation 

heteof, let two equal balls be placed in the troughs 
at diftinces from the centers, which are as one and 
two, and wheti the tables are turned about, that ball, 
Whoſe diſtance from - center is double, will raife n 
double wei ht. 

—_ Fequal b Ae in unequal circles with equal 
velocities z or more generally, if the quantity of 
matter in the revolving bodies be given, as alſo the 

D 2 velocity 
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velocity wherewith they revolve ; their central forces 


III. are inverſly as their diſtances from the center. For 


i the ſecond general expreſſion fince Qand V are 


Exp. 4. 


given, F is as 5-» that is, the foree is inverſly as the 


diſtance. Before I mention the experiment where- 
by this law is. confirmed, I muſt obſerve to you, 
that to the axle of one of the tables is fixed a ſecond 
wheel, whoſe diameter is but one half of the dia- 
meter of the other wheel ; and therefore when the 
chord goes round the ſmaller wheel, the table muſt 
turn as faſt again as when it goes round the larger 
wheel; ſo that the table which is moved by means 
of the ſmaller wheel, will revolve twice in the ſame 
time, that the other table, which is turned by means 
of the larger wheel, performs one revolution. 
This being premiſed, let two equal balls be fo 
placed in the troughs, as that the diſtance of that 
ball, which is to revolve by means of the ſmaller 
wheel, may be but one half of the other's diſtanc 
from the center; in which caſe their velocities wil 
be equal: for tho* the peripheries of the circles 
which the two balls deſcribe; are as one and two 
yet will the leſſer periphery be deſcribed twice in 
the ſame time that the larger is deſcribed once; and 
therefore the ſpaces thro* which the bodies move in 
a given time will be equal, and of conſequence 
their velocities will be fo too. If then two weights be 
made faſt to the chords of the balls in the manner 
of the former experiments; the tables being turned 
about, the ball whoſe diſtance from the center is as 
one will raiſe twice the weight, that is raiſed by the 
ball whoſe diſtance is as two; fo that the weights 
raiſed, and conſequently the forces which raiſe them, 
will be inverſly as the diſtances of the balls from the 
center. | A* 

If equal bodies revolve in equal circles with un- 
cow velocities, their central forces are as the ſquares 
of the velocities, or becauſe the velocities are as is 

| num 


0 
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number of revolutions in a given time, the forces LR Or. 
are as the ſquares of the numbers of reyolutions per- III. 
formed in a given time. For by the fourth gene- 
ral expreſſion fince Q and D are given, P is as N., 
that is, the force is as the ſquare of the number of 
revolutions in a given time. To confirm this law, Exp. 5. 
let two equal balls be placed in the troughs at equal 
diſtances from the centers; and let that table, whoſe 
axle has two wheels, be turned about by means of 
the ſmaller, fo that it may perform two revolutions 
in the ſame time that the other table performs one : 
in this caſe the numbers of revolutions performed by 
the two balls in a given time being as one and two, 
their ſquares will be as one and four, in which pro- 
portion the weights raiſed will likewiſe be. F 
If unequal bodies revolve in equal circles with 
unequal velocities, their central forces are as the pro- 
duds of their quantities of matter into the ſquarcs 
of their reſpective velocities ; or, which s the ſame 
thing, as the products of their quantities of matter 
into the ſquares of the numbers of revolutions in a 

'iven time. For by the fourth general expreſſion, 
being given, F is as QN". t therefore two 
balls, whereof one is double the other, be placed at 
equal diſtances from the centers: and let the larger 
revolve twice in the fame time that the ſmaller re- 
volves once. In this caſe, the quantity of matter in Exp. & 
the leſſer ball, which is as unity, being multiplied 
into the ſquare of its number of revolutions in a 
wen time, which is likewiſe as unity, gives one 
r the product. And the quantity of matter in 
the larger ball, which is as two, being multiplied 
into the ſquare of its number of revolutions in the 
given time, which ſquare is as four, ys eight for 
the product: ſo that the weights raiſed by the two, 
1- balls will be as one and eight. | 
es If unequal bodies revolve in unequal circles with 
je | unequal velocities, their forces are as their quantities 
er | of matter multiplied into the ſquares of their re- 
CEE D 3 ſpective. 
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EE er. ſpective velocities, and that product divided, b 
III. their reſpective diſtances from 1 


rn 


compounded of their quantities of matter, of the} 
diſtances from the center, and of the ſquares of their 


t amounts to the ſame thing, their forces are as 
the products ariſing from the continued multiplies; 
tion af their quantities of matter into their reſp VS 
diftances from the centers, into the ſyuares of the; 
numbers of revolutions in a given time; or to uſe 
the mathematical phraſe, their forces are; in à ratio 


whereof one is double the Kage © 


the product of that multiplication being again mul- 
tiplied into the ſquare of the number of revolutions 
performed by the larger body in the given time, 
which ſquare is as four, gives eight for the product; 
conſequently, the weights which are raiſed, as alſo 
the forces which raiſe them, are as two and eight, 
or one and four. 115 | KG, ULW 4. 4 8 
If equal bodies revolve in, unequal Circles in 
ſuch a manner as that the ſquares, of their periodi- 


cal times are as the cubes. of their diſtances, from the 
center, their central-forces are inverly as the ſquares 
of their diſtances from the center. For fince the 


quantity 
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of matter in the revolving | badly is given 
d the cudes of the diſtances ogy as the {c 
the times; if in the third general expre 
cube of 'D be ſubſtituted in the room of the 358 
of P, P wilt be as D divided by the cube of D,” 
a5 dne divided by the ſquare of D; that is, Ms 
force will be inverſly as the ſquare of the body's 
diſtance from the center. To confirm this law, et 
two equal balls be placed in the troughs, ſo as that 
the diſtance of one from the center may be as two, 
and the diſtance of the other as three and one fixth ; 
and let tha 
twice in the fame time that the other revolves once; 
ſo that theit periodical times may be as one and two, 
the ſquares of which being one and four, are very 
nearly pro al to the cubes of the diſtances ; 
for the cube of the ſmaller diſtance is eight, and that 
of the | thirty two very nearly; conſequently, 
the balls muſt raiſe weights which are to one another 
eerily as the ſquares of the diſtances from the cen- 
; that is, the weight raiſed by the ball, whoſe 
Atme is as two, muſt be to the W raiſed by 
the ball whoſe diſtance is as three and a ſixth, as the 
of the laſt diſtance to the ſquare of the forniet, 
dart as'ten to four, or five to two very nearly, 

If the ſquares of the periodical times be propor- 
to the cubes of the diſtances, and the revoly- 
g bodies unequal, the central forces. are directly 
a8 the Jane of matter in the bodies, and reci- 
prcally as the ſquares of their diſtances from the 
center. For in the third general expreſſion, if the 
cube of D be ſubſtituted in the room of the ſquare 


of P. F vill be ag. If therefore all things remain 


winthelaſt ez en excepting that the body which 

is at the greater diſtance from the center is to the bo- 

dy lefs diſtan nt, as two to one ; the weight, which is 

age by the former, will be to edn, cerench (+ by 
19 951k D 4 

N 


i. 


on on this Gennes 


Exp. 8. 


which is at the ſmalleſt diſtance revolve | 
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e as two, to two and a half; that is, the 


III. 


weights raiſed will be as the products ariſing from 


2 the multiplication of the quantity of matter in one 


Exp. 9. 


body into the ſquare of the other body's diſtance. 


Among the ſeveral laws of central forces, that 


which obtains in nature, and by virtue whereof the 
heavenly bodies are made to revolve in their ſeve- 
ral orbits, is, where the forces are to one another 
inverſly as the ſquares of the diſtances of the re- 
volving bodies from the center. For it has been found 
by obſervation, that all the planets, as well 

as ſecondary, revolve either in circular orbits. or fu 

as are nearly ſo. And that the fix primary e 
move about the ſun as their center in ſuch a man- 
ner, as that the cubes of their mean diſtances from 
the ſun are very nearly proportional to the ſquares 
of their periodical times. And the ſame thing has 
been diſcovered with regard to the four ſecondary 
planets or ſatellites that move about Ju pi ER, as 
alſo with reſpect to the other ſive that revolve about 
SATURN, And therefore the forces whereby th 
are retained in their orbits muſt be in the inv 
ratio of the ſquares of their diſtances from the cen- 
tral bodies about which they revolve. 

If two bodies are by means of their ZR Keg 
traction made to revolve about each other, and alſo 
about a fixed point; and if their . — from that 
fixed. point be reciprocally rtional to their 
quantities of matter, that is 2 „if as much as 
one body exceeds the other in quantity of matter, 
ſo much is.its diſtance from the fixed point exceeded 
by the other's diſtance from the ſame point; or what 
amounts to the ſame thing, if the product, arifing 
from the multiplication of one body into its diſtance 
from the fixed point, be equal to the product ariſing 
from the like multiplication of the other body into 
its diſtance from the fixed point, their 


forces are equal. For as the two bodies muſt of ne- 


ceſſity 3 cheir revolutions in the ſame _ ; 
c 
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is given: and therefore by the fourth ral ex- 
preſſion F is as Q, that is, the central force is as 
the product ariſing from the multiplication of the 
quantity of matter into the diſtance from the cen- 
ter or fixed point; but by ſuppoſition the uct 
of one of the bodies into its diſtance from the fixed 
point is equal to the product of the other into its 
diſtance, conſequently their central forces are equal; 
for which reaſon neither of them can fly off from 
the fed point, ſo as to draw the other after it ; 
for however ſtrongly either of them endeavours to 
recede by virtue of its own centrifugal force, it is 
with equal ftrength drawn the contrary way by the 
centrifugal force of. the other. But if the diſtances 
of the bodies from the fixed point be not reciprocal- 
ly proportional to their quantities of matter; that 
body, whoſe diſtance with regard to the diſtance of 
the other 1s ome than in the forementioned pro- 

tion, will fly off and draw the other after it: 
or in this caſe, the product of the former body into 


its diſtance from the fixed point is greater than the 


product of the latter into its diſtance; which pro- 
ducts being as the centrifugal forces of the bodies, 
the former body will have a greater centrifugal force 
than the latter, and of courſe muſt recede from the 


fixed point, and drag the other after it; all which 


is fully confirmed by the following experiments. 


49 


the number of their revolutions in a given time LEO r. 


III. 
W 


Let two equal balls be tied together by a ſmall Exp. 10. 


chord; and let them be laid in one and the ſame 
trough, one at each end, ſo as that the chord being 
ſtretehed may have its middle point juſt over the 
center of the table; let then the table be turned 
about, and the balls will revolve about the center 
without flying off either way; and continue ſo to 
do as long as the motion of the table laſteth. - And 
the fame thing will likewiſe happen, tho? one ball be 
double the other, provided its diſtance from the cen- 
ter of the table be but one half of the diſtance of the 


ſmaller. 
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ſmaller. But when equal balls are made uſe of, if 
one of them be placed at a greater diſtance from the 
center than the other, upon turning the table it 
will fly off, and draw the other after it. So lilet- 


Woiſe When unequal balls are made uſe of, {ould 


and draw the larger after it. 


that which is double the ether be placed at 4 f. 
ſtanee from the center greater than one half of the 
diſtande of the ſmaller, it will fly off and draw the 
ſmaller after it. And on the other Hand; if the 
diſtance of the larger be leſs than half the Uiftarice 
of the ſmaller, the ſmaller will in that caſe fly off, 
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LET. THE ſecond Law or NATURE, reſulting from 


IV. 1. the inertneſs of matter; is; that whatever no- 
tion, or change of motion, is produced in any bo- 


dy, it muſt be proportional to, and in the direction 
of the force impreſſed. For ſince a body cannot, 
by reaſon of its inactivity, contribute to the pro- 
duction of its own motion, or of any change there- 
in, it is plain, that whatever motion, or change of 
motion is generated in any body, it muſt ivrely 
proceed from the force impreſſed on the body; and 
of conſequence, ſince effects are ever proportiohate 
ta their adequate cauſes, muſt be proportional chere- 
to. And it muſt hkewife be directed and deter- 
mined towards the ſame part with the generating 
force. Wherefore if the body whereon the im- 
2 is made was in motion before the impillſe, 
2 be retarded or accelerated accord- 
ing as orce impreſſed oppoſes it, or eonſpires 
therewith; or if it ts obliquely to the ſame, the 
direction thereof will be changed, and the * 
bY > Fs * d W 
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-; RESOLUTION oH MOTION. $1 
tion of its former motion, and that of the impreſſ, IV. 
ed force. For inſtance, if a body moving from 
2 towards B be impelled at the point A by u Plate 2. 
force acting in the direction A C, it will move 4. Fig · 1. 
long a line as A D placed between AB and A C, 

e the fituation of which may be thus determined. 
Let the line AB denote the velocity wherewith the 
body moves in the direction AB; and let AC de- 
8 
5 


note the velocity wherewith the body would move 
by virtue of the impulſe along the line A C, ſup- 
poſing it had no other motion: that is, let A B be 
to A C as the ſpace deſcribed by the body in a 
iven time in the direction A, to the ſpace de- 
knded by it in the direction A C, each of the mo- 
tions being conſidered ſingly and apart; then com- 
N pleting the parallelogram A B D C, and drawing 
the diagonal A D, that diagonal is the line in which 
the body moves, For the proof of which, let us 
ſuppoſe a ſmall inflexible wire, equal in length to 
the line AB, to paſs thro? the center of a ball, and 
that whilſt the ball moves uniformly on the wire 
from A towards B, with a velocity which is as AB, 
the; wire is alſo. moved uniformly from AB to- 
wards.C D, with a velocity which is as A C, and 
in ſuch a manner as to be always parallel to A B,. 
aad with its. extremities to deſcribe the lines A C 
and B D. Then, foraſmuch as the ſpaces deſeribed 
inna given time, where the motions are uniform, 
are to one another as the velocities of the motions z 
it is evident, that in whatever time the ball moves 
the length of the wire, in the ſame time will the wire 
move: the length of AC, to wit, from A B to CD; 
conſeguently at the end of that time the ball will 
be found in D at the extreme point of the diago- 
at pleaſure, as E, let the line E F be drawn parallel 
to PB, and, from the nature of fimilar tnangles, 
F will be to FE, as AB to BD, that is, as the 
ip 2 | velocity 
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EE T. velocity of che ball to the velocity Fol 


IV. 


conſequently in the ſame time that the ball Ae 


— length of AF along the wire, the wire will 


Exp. 11. 


moye the length of F E from A B to K L.; and 


the point F, which is the place of the ball on the 
wire, will be found in E. And what has been thus 
proved in relation to the two points D and E of 
the diagonal, may in the very fame manner be 
demonſtratd of any other point in the ſame line; 
whetefore che ball will, by virtue of its own motion 
and that of the wire, whereof it partakes, be car- 
fied in ſuch a manner as to be always found in the 
diagonal A D; that is, it will by virtue of its 
compound motion eſctibe the diagonal line, This 
being ſo, it "plainly follows, that if the wire be 
taken away, and the ball at A have two motions 
impreſſed upon it at once, one in the direction 
AB, the other in the direction A C; and if the 
motions impreſſed, or, which is the fine thing, if 
the forces impreſſing thoſe motions be to one ano- 
ther in the proportion of AB to AC, the ball will, 

virtue of the double impreſſion, move along 
the diagonal AD, For as to the effect it matters 
not whether the motion which the ball has in the 
chrection A C ariſes from a force impreſſed on it at 
the point A, or whether it be communicated by a 
wire ſupporting the __ and: ; carrying; it along with 
it in that direction. 

To confirm this by an experiment, let Hines 
ivory. balls of equal ſize be ſuſpended from three 
ow by ſtrings o 

ll reſt over one angle of a wooden ſquare ; then let 
each of the extreme ballsbe let fall { acately from the 
ſame height, in ſuch manner as to ſtrike the middle 


ball in the direction of one ſide of the ſquare, and 


the middle ball will, by each of the ſtrokes made ſe- 


parately,be moved along over that ſide of the TY 
which correſpondeth to the —_— of the ſtroke z 


but 


I 


equal lengths, 9 let the middle 
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but if the two balls be at the ſame inſtant of time LEO r. 
let fall from equal heights, ſo as that they may IV, 
ſtrike the middle ball at once, and in the directions * 
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of the two ſides of the þ x0 the middle ball-will 


by the double ſtroke be 


ven over the diagonal of 
the ſquare. 


As a COROLLARY it follows, that a body will 


in the ſame time deſcribe the diagonal A D of a 


parallelogram with two forces conjoined, that are 


to one other as the ſides AB and AC, that it 
would the reſpective ſides with each of thoſe forces 
ſeparately. As alſo, that the velocity wherewith a 
body moves along the diagonal, is to the velocity 
roger it is carried along the ſides when acted 
each force ingly, as the diagonal to each 
. re eech: con Nea if the two forces 
iven, the velocity along the diagonal, which 
es from the conjunction of both forces, will be 
fo — the greater, by how much the angle BAC 
is leſs; for as that angle is diminiſhed, the diagonal, 
which in this caſe denotes the velocity, i is lengthen'd, 
till at laſt the angle vaniſhing by the coincidence of 
the fides, the diagonal becomes equal to both the 
ſides taken pale and the velocity of the body 
equal to the ſum of the velocities wherewith the 
bog would move, were each of thoſe forces im- 


reſſed upon it in the ſame direction. Thus the Plate 2. 
lines AB and A C being placed at three different Fig. 2- 


pea ſo as to conſtitute the fides of three different 
llelograms (the diagonals whereof are repreſent- 
wig 7 5 lines) it is evident to ſight, that 
e angle B A C grows leſs, the diagonal grows 
* P 21 that when the angle vaniſhes by the 


coincidence of AB with A C, the diagonal A D Plate 2. 
becomes equal to AC and CD, that is, to AC and Fig. 3. 
AB; I? the velocity denoted by AD is in that 


8 4 maximum, or the greateſt that can ariſe from 
the conjunction of thoſe two forces. On the other 
hand, 2s the angle inlarges, the velocity along the 


diagonal 
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$4 
E 8 v. diagonal muſt decteaſe, till at length e an le vil 
IV. niſhing by the two fides becoming "otie Malt fink, 
WY WV the velocity becomes equal to 'the diffetence of tlie 
velocities, ' from the impreflion of each forte 
when made fingly and ſeparately.” Thus e Hines 


Plate 2. 
_—_— s before, placed at three diff 


tent angles B A C it is evident, that the dinge 
A D, repreſented by the pricked lines, C 
as the angle BAC { intargts ; till at 15 7 
and with it the diagonal vaniſhing, on two 
Plate 2. BA and AC conſtitute one right 1 as BAC, 
Fig. 5- wherein the body is as it were carried two con 
ways, to wit, from A towards B by the forre 
which acts in the direction A B, and from A 5 
wards C by the force acting in the direction A 
and the difference of the velocities, Which al 
from the impreſſions of the _ forces when thy 
act ſe — is the velocity wherewith the 
actually moves in the direction of the 
| force, Which velocity is a minimum, or the Jeaſt ve- 
locity that can iſe from the Joint action of thöſs 
two forces, © 
Hs a ſecond COROLLARY it follows, thats a boch 
may be moved thro' one and the ſame line by num- 
dete irs of forces acting upon it. For if in. 
Plate 2. of the force, whoſe direction is A B, we fup- 
Fig. 6. ba 2 the direction whereof is AE; and if 
inſtead of the force acting in the direction A C ve 
fuppoſe one to act in the direction A F, and that 
e forces are to one another 48 A E to AF; 
thi completing the tam AE DF, the 
line A D will be the diagonal of this parallelo 
as well as of the former; and therefore” the body 
will, from the joint action of theſe 800 W "de- 
ſcribe the fame line A D which it did befote? fl 
as AD may be made the diagonal of numberleßs 
parallelograms, it is evident that it may be de- 
ſcribed by a body acted upon by numberleſs Pairs 
| of toxcesin different directions. W 
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ma kkewiſe, be deſcribed by a bod; „where-L 2 T 

0 eee 
orces in 
. 

5 D, % may the direction along A B ariſe 


. and eac of 
rom 


e directions of two others, and ſon 
t number. Hence we ce, that all forces 
tions whatever may be reſolyed into innu- 
e forces and motions; and any ſimple direct 
1 motion may be looked ed upon as compound- 
2d of rable oblique forces or motions. For Plate 2. 
the line and direction of the motion is the ſume, Fig. 6. 
whether that motion be compounded of two mo- 
tions ariſing from forces impreſſed in the directions 
AC, or in the directions AE, AF, or ariſe from 
the impreſſion of a ſingle force in the direction AD: 
and therefore the motion along the line A D, tho? 
it be. ſimple, ariſing from one ſingle force acting in 
that direction; yet may it be conſidered as com- 
of two or more motions in other di 
uch as AB and AC, or AE and AF, ſince the very 
ay ſame motion would ariſe from ſuch a compoſition. 
This compoſition and reſolution of motions and 
ra} forces is of ſingular uſe in mechanicks ; for by the 
p- help thereof, the effects of powers acting in oblique 
Fir directions are r determined, as will appear 


un. The third Law oF NATURE ariſing from the 
7 nertneſs of matter is, that reaction is always equal 


ks to ation, and contrary thereto; or in other words, 
=; e An upon another, 


dy 8 and in directions contrary to 
de- r er 


eee 


—— change is made in the 
e e — — — 
, n OL another, C ue 
— Be hs of the other by hs of the 
ar | former; but the tendencies or directions of thoſe 
fo, changes are hay ways. Thus when one preſſes 
but a ſtone 
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L 67: aftone with his finger directly downwatd," the fin- 


IV. is equally preſſed by the "and that direct- 
WY F+ apwend,” nd when a horſe draws a load, he is 
equally drawn back by the load ; for 'as much as 
he promotes the progreſs of the load, ſo much is 
— — in his own motion; that is, he is in ef- 
| drawn back; for the ſame force of muſcles and 
_ finews, which he exerts in order to drag on the 
| load, would, if he was freed from the incumbrance, 
carry him forward to a diſtance much greater than 
what he reaches in the ſame time whilft tied to the 
load; and conſequently as far as his progreſs fall- 
eth ſhort of that diſtance, ſo much is he in effect 
drawn back ; and whatever motion he communi- 
cates to the load, ſo much does he loſe of his own, 
the load reacting upon him with the ſame force 
| that he acts upon it; for which reaſon, if by addi- 
| tion of weight the load be ſo far increaſed as to re- 
quire the whole ftrength of the horſe to move it, 
| no motion will enſue, the whole power of the 
| horſe, wherewith he endeavours to go forward, be- 
ing but juſt equal to the reaction of the load where- 
by he is drawn back. This equality of action and 
reaction obtains in all kinds of attractions whatever. 
When a loadſtone attracts a piece of iron, it 1s 
equally attracted by it; as will appear from the fol- 
Exp. 12. lowing experiment. Let a piece of iron and a 
loadſtone equal in weight be ſuſpended by two cords 
of an equal length, and let the diſtance between 
them be ſo ſmall, as that they may not be out of 

the reach of each other's attraction; then will th 

from a ſtate of reſt begin to move towards eac 
other, and that with equal velocities, ſo as to meet 
at the middle point of their firſt diſtance: if they 
be again ſeparated, and the loadſtone fixed, the 
iron being ſuſpended at the ſame diftance from it 
as before, will move towards it,” ſo as at length to 
touch it and adhere thereto: And on the other 
hand, if the iron be fixed, and the ſtone — 
c 


hs adi as do. dt. > Ie * 


ET FF T8 S8 SSS SSK ge ego mo. 


REACTION r HAL To ACTION. 57 
the ſtone will approach the iron in the fame man-LR Or. 
ner, as the iron did the ſtone ; all which plainly IV. 
ſhews, that the attraction between the loadſtone and Web 
won is mutual, the one drawing the other as much 
as it is drawn by it; ſo that the reaction of the iron 
upon the ſtone is exactly equal to the action of the 
ſtone upon the iron. e e 

The equality of action and reaction, with reſpect f 
to attractions, is likewiſe manifeſt from hence, 1 
that if a man placed in a boat draws another boat | 
by means of a rope faſtened thereto; the boat 
wherein the man is placed will be equally drawn 
with the other, and the two boats will approach . 
one another with equal quantities of motion; ſo f 
thataf they be equal in weight, and of the ſame fize | 
and ſhape, they will approach with equal velocities, 
and meet at the middle point : but if one be heavier 
than the other, then by how much it exceeds the 
other in weight, by ſo much will it be exceeded by 
the other in the velocity of its motion; for inſtance, 
if the weight of one be to the weight of the other 
as one to two, then will the velocity of the former 
be to the velocity of the latter as two to one; that 
s, their velocities will be reciprocally propor- 
tional to their weights. To confirm this by an ex- Exp. 13. 
periment, let a cord be made faſt to one end of a 
{mall boat, and let it paſs over a pulley fixed to 
the end of another ſmall boat of the ſame ſha 
and fize, and let a weight be tied to the end of the 
cord, and hang in the water; this being done, 
let the boats be placed at ſuch a diſtance as that the 
cord may be ſtretched, then 1 go the boats 
the weight will deſcend, and in deſcending draw 
the boat to whoſe end the cord is faſtened towards 
the other, and at the ſame time the other will move 
towards it; and when they come together, the ſpace 
deſeribed by the boat whoſe weight is as one, will 
be to the ſpace deſcribed by the boat the weight 
whereof is as two, as two to one; that is, if the 

E diſtance 


— — — 


— 


— - — 4 : SY wa. NT 
_—— —— —  ——_—.- , thn" a mr Sos ——— — — — 
i 2 _ — — 


| 


— — = > 2 i 
— — « — — 
6 7 
hs — - 


t, 
ie 
"x 
d 
r. 
18 
U 
A 
Is 
en 
of 
et 
ey 
he 
it 
to 
er 
e,” 
he 


—ͤ—᷑—ẽ 24 — — — —— — — 
r RE STII —————— 


2 
— 
Ry 
E- 


Or TyuE COLLISION or 
LE c r. diſtance between the two boats be divided into three 
IV. equal parts, that boat which is double in weight to 
t the other, will move through one of thoſe parts in 
the ſame time that the lighter moves 1 the 
other two. 

As action and reaction are equal with regard. to 
attractions, ſo are they likewiſe in reſpe& of ſtrokes 
or impulſes made by bodies one upon another; the 
force of two bodies, ſtriking each other equally, 
affecting the motions of both, and producing equal 
changes therein towards contrary parts. On 

equality of action and reaction do the ſeveral laws 
which have been collected concerning the collifion 
of ſolid bodies in a great meaſure depend; which 
laws, as they relate to bodies void of elaſticity, I 
ſhall now explain; in doing of which, I ſhall lay 


down one general PROPOSITION concerning the 


| colliſion of ſuch bodies, whence I ſhall deduce the 


laws of particular caſes, and at the ſame time con- 
firm each law by an experiment. 

The PROPOSITION is as follows: If two bodies 
void of elaſticity move in one right line, either the ſame 
or contrary ways, ſo as that one body may ſtrike di- 
rectly againſt the other ;, let the ſum of their motions 
befcre the ſtroke when they move the ſame way, and 
the difference of their motions when they move contrary 
ways, be divided into two ſuch parts as are. propor- 
tional to the quantities of matter in the bodies; and fioi 
each of thoſe parts will reſpectively exhibit the motion of if Fo 
each body after the ſiroke. For inſtance, if the quan- ¶ tio; 
tities of matter in the bodies be as two and one, and ¶ ma 
their motions before the ſtroke as five and four, ¶ the 
then the ſum of their motions is nine, and the dif- ¶ ang 
ference is one; and therefore when they move the laſt! 
ſame way, the motion of that body, which is as in d 
two, will after the ſtroke be fix, and the motion of may 
the other three: but if they move contrary ways, gen; 
the motion of the greater body after the ſtroke vil two 
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be two thirds of one, and of the leſſer one third LE CT. 
FUE e „e bod fuppoled to de void cl 
For ſinee the bodies are fu to be void o 
elaſticity; they will not ſeparate after the ſtroke, but * 
move together with one and the ſame velocity; and 
of conſequence, their motions will be proportional 
to their quantities of matter; and from the equali- 
ty of action and reaction it follows, that no motion 
is either loſt or acquired by the ftroke when the 
bodies move the ſame way, becauſe whatever mo- 
tion one body imparts to the other, ſo much muſt 
it loſe of its own ; conſequently, the ſum of their 
motions' before the ſtroke is neither increaſed nor 
diminiſhed by the ftroke, but is ſo divided between 
the bodies, as that they may move together with 
one common velocity, that is, it 1s divided between 
the bodies in proportion to their quantities of matter; 
but it is otherwiſe, where the bodies move con 
ways; for then the ſmaller motion will be deſtroyed 
by the ſtroke, as alſo an equal quantity of the greater 
motion, becauſe action and reaction are equal; and 
the bodies after the ſtroke will move together equal- 
ly ſwift, with the difference only of x a motions 
before the ſtroke; conſequently, that difference is 
by means of the ſtroke divided between them in 
proportion to their quantities of matter, 

The ſeveral particular caſes concerning the colli- 
hon of bodies, may be reduced to four general ones. 
For, 1ſt, it may be that one body only is in mo- 
tion at the time of the ſtroke. Or, 2dly, they 
may both move one and the fame way. Or, 3dly, 
they may move in direct oppoſition to each other, 
and that with equal quantities of motion. Or, 
laſtly, they may be carried with unequal motions 
in directions contrary to each other. As the bodies 
may be either equal or unequal, each of theſe four 
general caſes may be looked upon as conſiſting of 
Itwo branches; and as * I ſhall conſider —_ 

| 2 an 
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LE er. and treat of them in the order, wherein I have laid 


IV. 
| . 


them down, TVs bee 
As = the [tuft if 'q body in moth ſtrikes ano- 
ther y at reſt, they will by the propoſi- 
tion —. together, each of them with — of 
the motion that the body had which was in motion 
before the ſtroke ; and ſince the quantity of moti- 
on in any body, is as the product ariſing from the 
multiplication of its quantity of matter into its ve- 
locity; the common velocity of the two bodies, 
will be but one half of the velocity of the moving 


body before the ſtroke. For the confirmation 


whereof, let two equal balls of clay be ſuſpended 
from two pins of an equal height, by threads of an 
equal length, and in ſuch a manner as that when 
they hang freely they may juſt touch one another, 


and that their centers and point of contact may lye 


in a right line parallel to the horizon. This being 
done, and one of the balls being at reſt, let the 
other be removed to any diſtance from it, and then 
let fall; it will in its deſcent deſcribe the arch of a 
circle, and by the time it arrives at the loweſt point 
of the arch, that is, when it comes to touch the 
quieſcent ball, it will have acquired ſuch a velocity 
as would carry it to the ſame height from which it 
fell, as ſhall be ſhewn when I come to treat of pen- 
dulums; and conſequently, if the other ball was 
removed, would actually aſcend to that height; but 
upon ſtriking the other ball which is of equal ſize, 
it will communicate one half of its motion to it, 
and they will move together with half the velocity 
that the moving body had at the time of the ſtroke, 
ſo as to aſcend to one half only of the height from 
which the ſtriking body fell. 

That the nature of this and the other experiments 
relating to the colliſion of bodies, may be more rea- 
dily comprehended; I ſhall lay down ſome things 
concerning the motion of bodies thro? the 1 of 

circles, 
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circles, the truth whereof ſhall be demonſtrated in LE c T. 


my lecture upon pendulums. And firſt; all the 


IV. 


arches of a circle, provided they be not large, are Wy | 


deſcribed in equal times by bodies deſcending along 
them; and therefore if two bodies be let fall at the 
fame time, one from C and the other from E, or 
from D and F, they will both arrive at the loweſt 


point B at one and the fame time; and the ſtroke 
of 'the fubſequent body upon the preceding will be 


made at B: and for the fame reaſon if one be let 


fall from C, and the other from D or F, or one 


from E, and the other from D or F, they will meet 
and ſtrike one another at'B. | 
2dly, The velocity which a body acquires in 
falling thro the arch of a circle, is as the chord of 
the arch ; that is, the velocity of a body which has 
fallen from C to B, is to the velocity of a body 
that has fallen from E to B, as the chord CB to the 
chord EB. And here I muſt obſerve to you, that 
when in the following experiments I ſpeak of a bo- 
dy falling from, or riſing to any height, as four, 
ſix, or ten inches, I would be underſtood to mean 
it of a body's falling thro' or moving up an arch, 
whoſe chord 1s of ſuch a length. | 
3dly, The velocity wherewith a body begins to 
riſe up thro? the arch of a circle, is as the chord of 
the arch which the body deſcribes in its aſcent. 
Thus the velocity wherewith a body begins to move 
from the point B towards D, if it aſcends as high 
as D, is as the chord BD; but if it riſes only to F, 
the velocity is as the chord BF. So that in the ex- 
erm the chords of the arches thro' which the 
tes deſcend expreſs the velocities of the bodies 
in the point B at the time of the ſtroke; and the 
chords of the arches thro? which the bodies aſcend 
after the ſtroke expreſs the velocities of the bodies 
immediately after the ſtroke. | 
Theſe things being laid down, I ſhall now pro- 
ceed to determine the laws of the four general caſes. 
E 3 As 


i 
Fig. 7. 
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L cœ r. As to the firſt, it has been already ſhewn, that 


IV. 


where the moving body is equal to the quieſcent, 


the common velocity of the two bodies after the 


ſtroke is but one half of the velocity of the moving 
body before the ſtroke; and of conſequence, the 
motion of each body after the ſtroke is equal to 
one half of what the moving body had before the 
ſtroke. But if the quieſcent body differs in ſize 
from the moving body, then the common velocity 
after the ſtroke will be ſo much leſs than the 
velocity of the moving body before the ſtroke, by 
how much the ſum of the two bodies exceeds the 
body which was firſt in motion. Thus, if the 
moving body be to the quieſcent as two to one, the 
common velocity after the ſtroke will be tò the ve- 


. locity of the moving body before the ſtroke, as 


two to three; wherefore if a ball of clay, falling 
from the height of nine inches, ſtrikes another at 
reſt, and of one half the magnitude, they will 
aſcend together to the height of fix inches only : 
and on the other hand, if the larger be quieſcent, 
and the ſmaller falls from the height of nine inches, 
they will aſcend to the height of three inches only ; 
and the quantity of motion in each body immediate- 
ly after the ſtroke will be had, by multiplying each 
of them into the common velocity. 

As to this and all other experiments of this na- 
ture, it muſt be obſerved, that they do in ſome 
meaſure vary from the theory, and that for two 
reaſons. Firſt, becauſe clay or any other body, 
wherewith theſe experiments can be made, 1s not 
perfectly void of elaſticity. Secondly, becauſe the 
air reſiſts the motions of the balls, and by ſo doing 
diminiſhes their velocities. | 

As to the ſecond general caſe, where both the 
bodies are in motion before the ſtroke, and move one 
and the ſame way ; In order to find their common 
velocity after the ſtroke, let the ſum of their motions 
before the ſtroke be divided by the ſum of the: bo: 

; ies, 
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dies, and the quotient will expreſs the common ve-LEO r. 
—_ Wherefore, if two equal balls of clay be IV. 
let fall at the ſame time, one from the height of 
three inches, and the other from the height of fix, Exp. 16, 
after the ſtroke they will aſcend to the height of four 
inches and an half; for as in this caſe the bodies are 
equal, their motions are as their velocities, that is, 
as fix, and three, the ſum of which being divided 
by two, the ſum of the bodies, gives four and an 
half for the common velocity after the ſtroke. 

Where the bodies are unequal, let us ſuppoſe the Exp. 17, 
receding body to be as one, and to fall — the 

height of three inches as before, ſo that its quantity 
of motion will be as three; and let the ſubſequent 
body be as two, and fall from the height of ſix inches, 
ſo that its quantity of motion will be twelve; and 
the ſum of the two motions will be fifteen, which 
being divided by three, the ſum of the two 
bodies gives five in the quotient; ſo that in this caſe, 
after the ſtroke, the balls will aſcend to the height 
of five inches, and the motion of the greater will 
be as ten, and that of the ſmaller as five. 

As to the third general caſe, where the bodies 

move in direct oppoſition to each other, if they 
have equal quantities of motion, they will upon 
the ſtroke loſe all their motion, and continue at 

reſt; for by the propoſition, the bodies after the 
ſtroke will be carried with the difference of their 

motions before the ſtroke; which difference is ſup- 

my to be nothing. Wherefore, if two equal Exp. 18. 

of clay be let fall at once from equal heights, 

upon the ſtroke they will ceaſe to move; and the 

{ame thing will happen where the balls are unequal, 

provided the heights from which they fall are reci- 

3 proportional to their quantities of matter; 
or inſtance, if the balls be as one and two, let the Exp. 19. 

former fall from the height of fix inches, and the 

latter from the height of three, and upon their meet- 

ing they will ſtand till, for in this caſe, the quanti- 
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LES r. ties of motion, wherewith they n each other 
IV. will be equal. 


— 


| gat will expreſs the communicated motion. For 


Or Tur CoLLISION or 


When two bodies meet with . quantities 
of motion, if the difference of their motions be 
divided by the ſum of the bodies, the quotient will 
expreſs their common velocity after the  ftroke ; 
for by the propoſition, the difference of their mo- 
tions before the ſtroke, is equal to the ſum of their mo- 
tions after the ſtroke; conſequently, that difference 
divided by the ſum of the bodies muſt give the 


velocity. Wherefore, if two equal balls of clay 


be let fall at the ſame time, one from the height 
of three inches, and the other from the height of 
fix, after the ſtroke they will aſcend together to 
the height of an inch and an half ; for fince the 
balls are equal, the motions will be as their ve- 


| locities, that is, as fix and three, the difference 


whereof 1s three, which being divided by two, the 
ſum of the bodies gives one and an half in the 


. Quotient. If the balls be unequal in the proporti- 


on, for inſtance, of two to one; and if that which 
is as two falls from the height of ſix inches, and the 
other from the height of three, after the ſtroke 
they will aſcend together to the height of three 
inches; for the greater ball being as two and its ve- 
locity as ſix, its motion is as twelve, whereas the 
ſmaller being as one, and its velocity as three, its 
motion is likewiſe as three, which being ſubducted 
from the greater motion leaves a remainder of nine; 
and this being divided by three, the ſum of the bo- 
dies gives three for the common VESOcHV or the 
height to which the bodies will rife. t 

In order to diſcover the quantity of motion com- 
municated by one body to the other, I ſhall lay 
down four rules adapted to the four general caſes. 
And Firſt, if one of the bodies be quieſcent at the 
time of the ſtroke, let that body be multiplied into 
the common velocity after the ſtroke, and the pro- 


ſince 
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ſince that body had no motion before the ſtroke, it LzcT. 
's manifeſt, that whatever motion it has after the IV. 
troke muſt be communicated to it by the ftriking wynnd 


body; but that motion is as the product ariſing 
from the multiplication of the quantity of matter 
in the body into the common velocity, conſequent- 
ly that product expreſſes the communicated mo- 
Since the body which is at reſt before the ſtroke 
has no motion, but what is imparted to it by the 
friking body; and ſince the motion of the ſtriking 
body is by the propoſition to be divided between 
the two bodies in proportion to their quantities of 
matter: it follows, that where the ſtriking body is 
ter than the quieſcent it will communicate leſs 
than half its motion, and, where it is equal to it, it 
will impart one half; and, where it is leſs, more 
than one half. And if the quieſcent body be infi- 
nitely great with reſpect to the ſtriking body, which 
is in effect the caſe where the quieſcent body is fixed, 
ſo as not to give way to the ſtroke, the ſtriking bo- 
dy will impart all its motion to the other. For as 
the quieſcent body 1s ſuppoſed to be infinitely great- 
er than the ſtriking body, the motion which it 
receives from the Ariking body muſt bear an in- 
finite proportion to the motion remaining in the 
ſtriking body. But as the motion communicated is 
a finite quantity, it cannot bear an infinite propor- 
tion to the remaining motion, unleſs that remain- 
ing motion be in its evaneſcent ſtate, and reduced 
to nothing. 

When both the bodies are in motion before the 
ſtroke, and their motions are directed the ſame 
way, which was the ſecond general caſe, the rule 
for determining the quantity of motion communi- 
cated is as follows. Let the preceding body be mul- 
tiplied into the common velocity after the ſtroke, 
and from the product let the motion which it had 
before the ſtroke be ſubducted, and the remainder 


will 
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Lor. will be the motion communicated. For the produd 
IV. arifing from the multiplication of the preceding 
body into the common velocity gives the whole 
motion of that body after the ſtroke; and therefore 
if from thence be taken the motion which it had 
before and independent of the ſtroke, the remain. 
der muſt be the motion acquired by the ſtroke. 
When the bodies move towards one another with 
quantities of motion, as in the third general 
caſe, the motion communicated is equal to the mo- 
tion of either before the ftroke. For as in this 
caſe both their motions are deſtroyed by the ſtroke, | 
It is plain, that which ever of the bodies is confi. 
dered as giving the ſtroke (and either of them may 
it muſt communicate juſt as much motion to the 
other, as the other has at the time of the ſtroke ; 
for by this means the motion communicated, as it i 
is directly oppoſed to the former motion of the bo- 
dy, will be juſt ſufficient to deſtroy the ſame, and 
by ſo doing cauſe the body to reſt. 
When the quantities of motion in two bodies mov- 
ing directly towards each other are unequal, which 
is the fourth general caſe, the motion communicat- 
ed is determined by the following rule. Let the p 
body, which had the leſſer motion before the ſtroke, ¶ it 
be multiplied into the common velocity after the Ii t! 
ſtroke, and to the product let the motion which it 
had before the ſtroke be added, and the ſum will 
be the motion communicated. For as the body, to 
which the motion 1s communicated, does after the 
ſtroke move in a direction contrary to what it did 
before, it is evident, that beſides the motion where- 
with it is carried in that contrary direction, it muft 
have received as much more in the ſame direction, 
as was ſufficient to withſtand the motion it had be- to 
fore the ſtroke in an oppoſite direction; for till that I 
motion was deſtroyed by an equal motion oppoſed Ih on 
thereto, the body could not change its direction, | m 
and move backward. an 
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AVI NG given you an account of the colli- LE Or. 


fion of bodies void of elaſticity, I come now 


to conſider the effects thereof in ſuch as are elaftick ; WW 


by which I mean bodies that conſiſt of ſuch pu 
as yield and give way when preſſed, and which re- 
ſtore themſelves upon the removal of the preſſure: 


if the force wherewith they reſtore themſelves be 
exactly equal to the preſſure whereby they are bent 


inward, then are the bodies ſaid to be perfectly ela- 
ſtick ; and ſuch are all thoſe bodies ſuppoſed to be, 


| wherewith experiments are uſually made for con- 


firming the theory relating to the collifion of ela- 
ſtick bodies. But as there 1s not perhaps in nature 


| any body perfectly elaſtick, if among the experi- 


ments that are now to be made any ſhall be found 
to vary a little from the theory, ſuch variation muſt 
be looked upon as arifing rather from the want of 
perfect elaſticity in the bodies, than from any error 
in the theory itſelf, or in the calculations grounded 
thereon. 

The method which I ſhall obſerve in treating of 
the percuſſion of elaſtick bodies is this: Firſt, to 
lay down one general propoſition concerning ſuch 
percuſſion ; and then, ſecondly, to deduce the laws 
relating to the four general caſes mentioned in my 
laſt lecture, and to confirm each of thoſe laws by 
experiments. 

Before I lay down the propoſition, I muſt obſerve 
to you, that, wherever I mention the ſtriking body, 
[ thereby mean that body which is in motion where 
one of the two 1s quieſcent, as alſo that body which 
moves ſwifteſt when they both move the ſame way, 
and laſtly, that body which hag the greateſt quanti- 
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Lor. ty of motion, when they move in oppoſition to one 
V. another: or in this caſe, if their motions be equal, 
WAV then either of them may be taken indifferently for | 
the ſtriking body. 
This being Peil, the PROPOSITION is as 
follows. | 
Tf of two bodies perfectly elaſtick one be at reſt, and 
the other in motion; or if they both move either te 
fame or contrary ways, ſo as that one ſhall ſtrike the 
other ; let them be conſidered as void of elaſticity, and, 
by the propoſition laid down in my laſt lecture, let the 5 
motion of each body after the ſtroke be found, and, by i 
one of the four rules laid down in the ſame lecture, let 
the motion communicated by the ſtribing body to the 
other be likewiſe found; and let this motion: be ful. 
autied from the motion of the ſtriking body after the 
flroke, and added to that of the body which received 
the ſtroke, and the reſidue will be the motion of the 
ſtriking body, and the ſum the motion of the other body 
after reflexion, For ſince the bodies are ſuppoſed to 
be perfectly elaſtick, their parts, which are bent in 
by the ſtroke, will reſtore themſelves with a force 
equal to that which bends them in; but the force 
which bends them in 1s meaſured by the quantity 
of motion communicated by the ſtriking body to 
the other, and therefore the parts of each body, 
which are bent inward, will reſtore themſelves with 
ſuch a force, as is ſafficient to generate a motion I 5 
equal to that which is communicated ; conſequent- 
ly the bodies will, by virtue of their elaſticity, throw 4 
one another contrary ways, each with a quantity of be 
motion equal to that which the ſtriking body com- tl 
municates to the other; for which reaſon if that 
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motion be ſubducted from the motion remaining in n 
the ſtriking body after the ſtroke, as being contrary - 
thereto, and added to the motion of the other bo- 

dy-after the ſtroke, as conſpiring therewith, the =, 


reſidue and ſum will give the true motions of the of 
| To 


bodies after reflexion. 


equal to that which is communicated muſt be ſub- ö 
ducted from the motion remaining in the ſtriking | 


which receives the ſtroke, by which means the 
ſtriking body will have no motion left; but the 
other body will have a quantity of motion equal to 


the confirmation of which, let two equal ivory balls Ep. 1. 
{ be ſuſpended, as were thoſe of clay ; and let one of 
the balls fall from any height, and ſo as to ſtrike 
the other at reſt ; the ball which receives the ſtroke 
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To apply what has been ſaid to the four general LE Or, 
caſes, the firſt whereof is where one of the bodies V. 
is at reſt at the time of the ſtroke. If a body per 
fectly elaſtick ſtrikes another of the ſame kind and 7 
of equal magnitude at reſt, the ſtriking body will 
communicate all its motion to the-other, and remain 


at reſt, For by the firſt of the four rules laid down ö 
in my laſt lecture, the ſtriking body will upon the 
ſtroke communicate half its motion; and, by the | 


propoſition now laid down, a quantity of motion = 


body, and be added to the motion of the body 
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what the ſtriking body had before the ſhock. For 


will aſcend to the ſame height from which the other 
fell, and will leave the other at reſt. 
If inſtead of one there be two, three, or more Exp. 2. 
quieſcent balls contiguous to one another, that which 
is fartheſt removed from the ftriking ball will fly 
off with the velocity of the ſtriking ball, and all 
the intermediate balls together with the ſtriking 
ball will quieſce. For as the ſtriking ball imparts 
all its motion to the firſt of the quieſcent balls, fo 
does that in like manner to the ball which lyes next 
beyond it, and that again to a third, and ſo on, 
till at length the laſt ball, meeting with none other 
to reſiſt it, flies off with all the motion of the 
nie ball, leaving that and the intermediate ones 
at reſt. 
If two balls be let fall together contiguous to one Exp. 3. 
another, upon the ſtroke the two fartheſt will fly 
off, leaving the others at reſt; for as the — 
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LE or. of the two moving balls is carried equally ſwift with 
V. the ſubſequent, it cannot during its motion receive 
— ay impreſſion from the ſubſequent ball; conſe- 
uently, when it makes the ſtroke, it will produce 
che ſame effect in the quieſcent balls, as if the ſub- 
ſequent ball was away; that is, it will by means of 
the intermediate balls communicate all its motion to 
the laſt, and make that fly off; but no ſooner has 
it made the ſtroke, and thereby parted with its own 
motion, but the ſubſequent ball impells it, and im- 
parts to it all its motion; and this motion being 
ropagated thro? the ſeveral intermediate balls, as 
— makes the laſt but one to fly off, and that 
in ſuch a manner as to keep pace with, and cloſely 
purſue the other; becauſe in the ſame inſtant of 
time, that the foremoſt of the two moving balls 
makes its ſtroke, it likewiſe receives the ſtroke from 
the hindmoſt ball, and of conſequence the flying 
off of the two laſt balls, which is the effect of the 
double ſtroke, muſt happen at one and the ſame 
time. | | 
For the ſame reaſon that two balls fly off where 
the number of ſtriking balls is two, three will fly 
off when there are three ſtriking balls, and four 
where there are four, and ſo on, whatever be the 
number of ſtriking balls, an equal number will con- 
ſtantly go off. | 
If two elaſtick balls be unequal, for inſtance, if 
one be double the other, and if the greater be let 
fall from the height of nine inches, and ſtrike the 
ſmaller at reſt, they will both move forward after I © 
the ſtroke, the ſtriking body with one third of the n 
motion which it had before the ſtroke, and the other | 
with two thirds ; and the ſtriking body will aſcend || be 
to the height of three inches, and the other to the . 
as 
of 
th 
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height of twelve. For ſince the ſtriking body is to 
the quieſcent as two to one, it will, by the firſt of 
the four rules laid down in my laſt lecture, commu- 
nicate one third of its motion to it, and on . 
ha s 0 


and twelve 
| as the velocities of the bodies after reffexion, or as 
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muſt be taken from the motion 


motion of the other; conſequently the ftriking 
body will retain one third only of its motion, the 


Yother two thirds being communicated. to the body 


which- receives the ſtroke. Wherefore fince the 


ſtriking body is as two, and the height from which 


it falls as nine, its motion muſt be as eighteen ; one 
third of which, to wit fix, it will retain after the 
reflexion; and the other two thirds, to wit twelve, 
will be the motion of the other body ; and theſe 
motions ＋ Tn by the bodies will give three 

the quotients ; which quotients are 


the heights to which they aſcend. 


71 
of the elaſticity, a quantity of motion equal to what Lz c T. 


On the other hand, if the larger ball be quieſcent, Exp. 6. 


and the ſmaller be let fall from the height of nine 
inches, its motion will be as nine, whereof two 
thirds will, by the firſt of the four rules, be commu- 
nicated by the ſtroke to the greater, and one third 
only will remain in the ſtriking ball, from which, 
on account of the elaſticity, muſt be taken as much 
as was communicated to the larger ball, that is, two 
thirds: but upon ſubducting two thirds from one 
third, there will remain one third negative; which 
ſhews, that the ſtriking ball will be reflected with 
one third of the motion it had at the time of the 
ſtroke, ſo as to aſcend backward to the height 
of three inches; and the quieſcent ball, to which 
two thirds of the ſtriking balPs motion was com- 
municated by the ſtroke, will likewiſe, on account 
of the elaſticity, receive two thirds more, ſo as to 
be carried forward with a motion to what the 
ſtriking ball had at the time of the ſtroke, and one 
third more; that is to ſay, with a motion which is 
as twelve, which being divided by two, the quantity 
of matter in the ball gives fix for the velocity, or 
the height to which that ball muſt aſcend, 4 
rom 


is commur V. 
remaining in the ſtriking body, and added to the 
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Lrecr.. 
the quieſcent ball is ſmaller than the ſtriking ball, 
there can be no reflexion ; becauſe in that caſe the] 
ſtriking ball will, by virtue of the ſtroke, commu. 


V. 
2 


or ru COLLISION. or 
From what has been ſaid it follows, that when 


nicate leſs than half its motion; and the motion! 


which is to be taken from the ſtriking ball on ac - 
count of the elaſticity, being equal to the motion 
communicated, will upon the ſubduction always 


leave ſome motion in the ſtriking ball to carry iti 
forward, conſequently it cannot be reflected. Where th 


the two balls are equal, there will likewiſe be no re- 
flexion, but the ball, which was quieſcent, will go 
forward with all the motion of the ſtriking ball, and 
the ſtriking ball will become quieſcent, as is evi. 
dent from what was ſaid concerning that caſe. But 
where the ſtriking ball is leſs than the quieſcent, it 
will be reflected, and there will likewiſe be an aug- 
mentation of motion in the greater ball; for the 
ſmaller ball muſt upon the ſtroke communicate 
more than half its motion to the greater ball ; and 
there muſt likewiſe, on account of the elaſticity, as 
much motion be ſubducted from the ſmaller ball, and 
added to the larger, as is communicated. Where- 
fore ſince two equal quantities of motion, each of 
which exceeds half of the ſmaller ball's motion, 
are to be ſubducted from the ſmaller ball, and 
given to the larger; it is plain, that the ſmaller 
muſt loſe all its motion, and ſomething more, that 
is, it muſt be carried backward, or reflected; and 
the greater ball muſt go forward with more motion 
than was in the ſmaller at the time of the ſtroke, 
that is, there will be an augmentation of motion; 


and the exceſs of motion in the greater ball above the 
motion which the ſmaller ball has at the time of the 


ſtroke, is ever equal to the motion where with the 
ſmaller ball is reflected after the ſtroke, as is evident 
from what has been ſaid. If therefore motion be 
communicated from a ſmaller elaſtick body to 3 
larger, by means of ſeveral intermediate bodies each 


3 larger 
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larger than the other, the motion will be augmented LE r. 
in each of them, and the motion of the laſt will V. 
greatly exceed. that of the firſt; and this augmenta! 
ton of motion is greateſt when the bodies are in a 
Ig“ ometrical 1 for inſtance, if there be 
two bodies which are as one and four, and if the 
ſmaller communicates motion to the larger by means 
Jof one intermediate body, the motion will be greater 
tin the larger body, if the middle body be as two, 
that is, a geometrical mean between the two; than 
if it be as one and half, or two and an half, or 
three, or in ſhort in any other proportion whats 
ever but that of the geometrical mean. For 
the proof of which, let the leſſer body be expreſ- 
ſed by unity, and the larger by the ſquare of a, and 
the geometrical mean will be expreſſed by a; fo that 
the three bodies taken in their order from the leaſt, 
will be expreſſed by the ſymbols in the firſt ſtep, 
and the motion produced in the ſecond body by the 
ſtroke of the firſt, will be expreſſed by the ſecond 
ſtep; and the motion produced in the third by the 
ſtroke of the ſecond, yill be expreſſed by the third 
ep. Again, let another body greater or leis than a 


de ſubſtituted in the room thereof, and let the dif- 
ference between that body and a be called x, in 


his caſe, the bodies will be expreſſed. by the ſym- 
dols in the fourth ſtep, and the motion produced 
n the ſecond by the Froke of the firſt, will be ex- 
reſſed by the fifth ſtep ; and the motion produced 
ce, In the third by the ſtroke of the ſecond, will be ex- 
n; Preſſed by the ſixth ſtep; but this fraction of the 
the Hirth ſtep is leſs than that of the third ſtep, for if 
the From the product ariſing from the multiplication of 
the he denominaàtor of this fraction into the numerator 
ent pf that, be ſubſtracted the product which ariſes from 
be he multiplication of the numerator of this into the 
> a Penominator of that; that * if from the 5 
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Le r. ſtep the eighth be ſubducted, there will Fog 
V. quantity Which 18 expreſſed i in the ninth ſtep. 
MW bence it appears, that the former 0G i 
reater than the latter; and therefore, by the 2d 

. of the 19th Prop. of the 7th book of the 
elements, the numerator of the former fraction 

bears a greater proportion to its denominator, than 

that of the latter fraction does to its denominator, : 

that is, the fraction in the third ſtep, which expreſſes | 

the motion of the greateſt body when the interme. 

diate one is a geometrical mean, is greater than the 
fraction in the ſixth ſtep, which expreſſes the moti. 

on of the greateſt body when the middle body is 

not a geometrical mean, conſequently, the motion 

is more augmented when the intermediate body is 
geometrical mean, than when it is greater or leſs in 


any proportion. . 
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To give you an inſtance, how prod ag ouſly mo- in 
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tion may be augmented, by being ey com ¶ and 


municated to ſeveral bodies in a geometrical pro- ¶ hec 
greſſion 1 


mo- 


M- 
pro- 
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greffion twenty elaſtick bodies be placed one after LE cr. 


another, each ſucceeding body exceeding the fore- 


going in the proportion of twenty to one ; and if wy 
motion be communicated thro? the ſeveral interme- 
J diate bodies from the firſt to the laſt, it will be ſo 
far augmented, as to be two hundred thouſand times 


r in the laſt body than in the firſt ; fo that if 


ve ſi ſe the firſt to be a cannon- ball, moving 
with 9 


ſame velocity where with it flies from the 


mouth of a cannon, which, from the obſervations of 


Mr. DERHñAM, I ſhall ſuppoſe to be at the rate of 
612 feet in a ſecond, tho? there are pieces of cannon 
which diſcharge their balls with double that veloci- 
ty, the motion of the laſt body will be ſo great as 
if applied to the ball would carry it at the rate of 


about twenty three thouſand miles in one ſecond of 


time, which velocity is five thouſand times as great 
as the velocity of a body revolving about the earth 
by the force of gravity at a ſmall diſtance from its 
ſurface ; for a body ſo revolving will not come 
round in leſs than an hour and twenty four mi- 
nutes. 

From the increaſe of motion in elaſtick bodies, a 
reaſon may be drawn for the augmentation of ſound 
in ſpeaking 2 0k for as the ſpeaking trumpet 
Is narroweſt at the mouth- piece, and thence widens 
and inlarges continually to the extremity, the air 
within it, which is an elaſtick fluid, as ſhall be ſhewn 


hereafter, may be conſidered as divided into a great 


number of cylindrical bodies, of very ſmall but 
equal altitudes, the baſis of the firſt being equal to 
the mouth of the trumpet, and the baſes of the reſt 
inereaſing one above another as they are more and 
more removed from the mouth; upon which ac- 
count the motion that is impreſſed by the force of 
the voice on the firſt cylindrical body of air, grows 
ger in the ſecond, and larger till in the third, 
and ſo on, till at length at the exit of the tube it 


becomes ſo large as to magnify the ſound to a great 
Hs T 2 


degree z 
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LE r. degree; and of the ſeveral kinds of trumpets, thoſe 


V. 


ariſſes from the revolution of the logarithmick curve 


Fi. 2. 
Fig. 8. 


magnify the ſound moſt, that are of ſuch a figure as 


about its axis; that is, let AG be the logarithmick 
curve, and HO its axis, the figure ariſing from the 
revolution of AG about HO, is ſuch as a ſpeaking 
trumpet ought to have in order to give it the 
greateſt advantage poſſible. For from the nature of 
the curve, if HI, IK, KL, LM, and ſo on, be 
taken equal; the ordinates HA, IB, KC, ED, 
and fo on, are in geometrical proportion; where- 
fore if HI, IK, and fo on, be taken very ſmal, 
they will repreſent the equal altitudes of the cylin- 
drical bodies of air in the trumpet ; and the ordi- 
nates HA, IB and fo on, will be the radii of ther 
baſes, and the bodies of air being of equal heights 
will be to one another as their baſes, that is, as the 
ſquares of their radit ; but the radii being to one 
another in a geometrical proportion, their ſquare 
will be ſo too; conſequently, the little cylindrica 
bodies of air will be in a geometrical progreſſion, 
the ſmalleſt whereof lyes next the mouth, and the 
largeſt at the exit of the tube; for which reaſon 
the augmentation of ſound will be greater, cæteri ¶ bei, 
Paribus, in a trumpet of ſuch a form than of any 
other form whatever. thei 

But to proceed to the ſecond general cafe, where like 
in both the bodies move one and the ſame way, but tio 
the ſubſequent more ſwiftly than the preceding. o 

If two equal elaſtick bodies move in the ſame d. Nredi 
rection, and in ſuch a manner as that one may over. 
take and ſtrike the other, upon the ſtroke they wil 
change their quantities of motion with each other; 
for inſtance, if the motion of the ſubſequent body 
before the ſtroke be double the motion of the pte 
ceding body, then will the preceding body after theſſ®e b 
ſtroke, have double the motion of the ſubſequent eller 
body after the ſtroke ; and the preceding body Ae, 


ter the ſtroke, will moye with the ſame * but t. 
| where Th 
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vherewith the ſubſequent body moved before the L 5 
„ Rrokez and the ſubſequent body will after the V. 
ſtroke be carried with the velocity of the preceding 
body before the ſtroke; ſo that upon the froke the 

bodies. will change their motions and velocities. For 
ſince by ſuppoſition the ſum of the motions is three, 
and ſince the bodies are equal, the motion of each 
after the ſtroke, ſetting aide the elaſticity, muſt be 
one and an half; and by the ſecond rule for deter- 
mining the ny of motion communicated by 
the ſtriking body to the other; the motion com- 
municated in this caſe will be as one half, and fo 
likewiſe will the motion ariſing from the elaſticity, 
which being deducted from a motion which re- 
mains in the ſtriking body after the ftroke, and 
added to that of the preceding body, leaves the 
motion of the former as one, and of the latter as 
two; ſo that upon the ſtroke the motions will be 
changed. Wherefore if two ivory balls of an 
equal ſize be let fall at the ſame time, one from the 
height of fix inches, and the other from the height of 
three, after the ſtroke, the preceding hall will riſe to 
the height of fix inches, and the ſubſequent to the 
height of three only. 

If the bodies be unequal and move the ſame way, 
their motions and velocities after the ſtroke may in 
re · like manner be diſcovered by the help of the propo- 
but {fition, For inſtance, if the ſubſequent body be as 
two, and have twelve parts of, motion, and the pre- 
ceding body as one, and its motion as three; the 
notion of the ſubſequent body after the ſtroke will 
de as eight, and that of the preceding body as ſe- 
een, and the velocity of the former will be as four, 
nd that of the latter as ſeven ; for the ſum of the 
Jo motions before the ſtroke being fifteen, and 
the che bodies being as one and two, the motion of the 
eller body after the ſtroke, ſetting aſide the elaſti- 
f-Fity, will be as five, and that of the greater as ten, 
Put the motion of the leſſer body before the ſtroke 
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LE r. was as three, conſequently, the communicated mo- 


V. 


tion is as two; wherefore adding ſo much on account 


by of the elaſticity to the motion of the leſſer body, 


Exp. 8. 


Exp. g. 


and ſubducting as much from that of the greater 
dy, which in this cafe is the ſtriking body, we 
have eight for the motion of the greater, . which be- 
ing divided by two, the quantity of matter in the 
reater, gives four for its velocity; and we ſhall 
ve ſeven for the motion of the leſſer body, which, 
becauſe the quantity of matter in the lefler is as 
one, will likewiſe expreſs the velocity. Wherefore 
if two 1yory balls one double of the other be let fall 
at the ſame time, the larger from the height of fix 
inches, and the ſmaller from the height of three, 
after the ſtroke the leſſer will aſcend to the 
height of ſeven inches, and the greater to the height 
of tour. On the other hand, if the ſmaller ball be 
let fall from the height of fix inches, and the greater 
from the height of three ; after the ſtroke the 
lefler will aſcend to the height of two inches, and 
the ter to the height of Foe, and the motion of 
the former will be two, and that of the Jatter ten; 
for ſince the ſmaller ball is as unity, and falls from 
the height of fix inches, its motion at the time of 
the ſtroke is ſix; and fince the larger ball is as two, 
and falls from the height of three inches, the I on 
motion. thereof at the time of the ſtroke is likewiſe 
fix; and the ſum of thoſe two motions, which N 
twelve, being divided between the bodies in pro- N 
portion to their quantities of matter gives eight for + 
the motion of the greater, and four for the motion 115 
of the leſſer, which motions they would have after I 500 
the ſtroke, ſuppoſing they were not elaſtick ; and I c 
fince the motion of the greater body before the H vel 
ftroke was fix, the motion communicated to it by dhe: 
the ſtroke is two, which hy reaſon of the elaſticitp et 
being 8 from four, the motion of the 
ſtriking body, and added to eight, the motion of bod: 


the other body, gives two and ten for the main vou 
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or tke two bodies, which motions being divided by the LE c T. 
a x&tive bodies, give two and five for the velocities. V. 
If two equal bodies meet one another with equal . 
R antities of motion, which is one branch of the 
ud general caſe, they will rebound with the ſame 

” WW motions and fame velocities wherewith they ap- 
de proached'; for were they void of elaſticity they 
VB ould upon the ftroke and ſtill, becauſe they 
communicate to one another a quantity of motion 
” equal to that which each of them has at the time of 
ecke ſtrolce, and that in a contrary direction; but by 
all the ux. each of them muſt on account of 
r the ela icity receive as much motion as was com- 
© nunicate l by the ſtroke; and the motions which 
be ue thus received by the bodies being equal, and 
\ WW contrary to the motions wherewith the bodies met, 
be and which were deſtroyed by the ſtroke, muſt car- 
= ty the bodies backward with the ſame velocities 
wherewith they approached. Wherefore, if two Exp. 16. 
1 of qual! ivory be let fall at the ſame time from 

'  <qual Heights, ſo as to meet one another, upon the 
"3 WO ftroke they will be reflected back to the heights 
from which they fell. 
If the balls be unequal, for inſtance, if one be Exp. 11. 
„ Wl double the other, let the larger fall from one half 
the only of the height from which the ſmaller deſcends, 
by which means when they meet their motions will 
Le equal, and upon the ſtroke they will be reflected 
175 ach to the height from which it fell. 
Where the bodies meet one another with unequal 
0 motions, which is the fourth general caſe, if the 
par bodies be equal, they will both' be reflected, and 
the each of them will recede with the motion and 

b velocity wherewith the other approached; that is, 

! they will change their motions and velocities ; for 
2 let us ſuppoſe the motions of the two bodies to be 

s fix and three; if they were void of elaſticity the 
” ftody which has the ſmalleſt quantity of- motion 
10". would upon the ftroke be turned back, and the two 
F 4 bodies 
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bodies would be carried with the difference of their 
motions divided equally between them, that is, the 
motion of each would be as one and an half, and 
the motion communicated would by the fourth 
rule be as four and au half; but a quantity of mo- 
tion equal to what is communicated, muſt be ſub- 
ducted from the motion remaining in the ſtriking 
body, and added to the motion of the other, that 
is, four and an half muſt be ſubducted from one 
and an half, and likewiſe added thereto; whereby 
there will be three negative for the motion of the 
ſtriking body, which ſhews that it will be carried 
back with a motion which is as three; and there 
will be ſix poſitive for the motion of the other body, 
which ſhews that it will be carried with a motion 
which is as ſix, in the direction of the ſtriking bo- 
dy before the ſtroke; that is, it will be reflected; 
ſo that each of them will be carried back with the 


motion wherewith the other approached. Where. 


fore, if two equal balls of ivory be let fall at the 
ſame time, one from the height of ſix inches, and 
the other from the height of three; upon the ſtroke 
they will return back, but that which fell from the 0 
height of fix inches will riſe only to the height of 
three, whereas that which fell from three inches will 
riſe to ſix. 1 
If the balls be unequal, and meet one another 
with unequal quantities of motion, their motions 
after the ſtroke may in like manner be determined 
by the help of the rule laid down in the propoſition; 
for inſtance, if two ivory balls which are as one and 
two be let fall at the ſame time, the greater from 
the height of ſix inches, and the ſmaller from the 
height of three; in this particular caſe, the greater 
ball will upon the ſtroke loſe all its motion, and the 
{ſmaller will be reflected with the difference of thei 
motions, ſo as to riſe the height of nine inches; 
for ſince the larger bal] which deſcends. from the 
height of ſix inches s as two, its motion 90 vit 
225 twelve, 
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twelve, whilſt the motion of the ſmaller ball, which 


is as unity, and deſcends only from the height of 
three inches, is as three, the difference of which 
motions is nine; and this being divided between the 
bodies in * to their quantities of matter, 
ives ſix for the motion of the larger, and three 
or that of the ſmaller; and with theſe motions the 
bodies would be carried after the ſtroke, ſuppoſing 
they were void of elaſticity; but becauſe of the 
elaſticity, a quantity of motion equal to what is 
communicated by the ſtriking body to the other, 
which in this caſe is fix, muſt be taken from the 
motion of the greater body, and added to that of 
the ſmaller, which two motions being ſix and three, 
the remainder after ſubduction, which expreſſes the 
motion of the greater body, will be nothing; and 
the ſum ariſing from the addition, which expreſſes 
the motion of the ſmaller ball, will be nine. 


LECTURE VI. 


Or THz CENTER or Gravity, BALANCE, 
AND LEVER. 


* 


count of the firſt and ſecond of the mecha- 


nick powers, commonly called the balance and the ww 


lever ; but I ſhall firſt take notice of ſome things re- 
latmg to heavy bodies, the knowledge of which is 
in a great meaſure neceſſary to the right under- 
ſtanding of what ſhall be faid concerning the me- 
chanick powers in general. And firſt, in every 
body there is a certain point, commonly called by 
the writers of mechanicks the center of gravity ; 
the nature of which will beft appear from its chief 


properties, which are theſe. 


; 1ſt; If a body be ſuſpended by its center of gra- 
vity, it will continue in any poſition whatever 
raven. wherein 


M. deſign in this lecture is to give you an ac- LE cT. 
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Lc r. wherein it is placed; whereas if it be fuſpended 
VI. any other point, it will not reſt in any other whe 
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ton but where the center of gravity is either direct- 


Exp. 1. 


mom or directly beneath the point of ſuſpen- 
n. Thus if two beams be fu ed, the one by 
an axle paſſing thro' its center of gravity, the other 


| by an axle which doth not paſs thro* the center of 


gravity, but thro? ſuch a point as, when the beam 
is parallel to the plane of the horizon, lyes directly 
above the center of gravity; the former will reſt 
in ion, whether it be perpendicular, paral- 
2 to the horizontal plane; but the 
latter will reſt in the parallel poſition only; and 
ſhould it by any force be removed from that poſi- 
tion, it will, upon the removal of the force, begin 
to move, in order to recover the parallel poſition, and 
after ſeveral vibrations will at length ſettle therein. 
A ſecond property of the center of gravity is, 
that where that is ſupported the whole body is like- 
wiſe ſuſtained ; for which reaſon the whole weight 


of a body may be looked upon as applied to that 


fingle point, and as centered therein. 

A third property of this center is, that it conti- 
nually endeavours to move dowhward towards the 
center of the earth, and, where all lets and impe- 
diments are removed, does actually deſcend; and 
therefore, if in any caſe a body ſeems to move up- 
ward by the force of gravity, it will be found, that 
the center of gravity deſcends, notwithſtanding any 

pearance to the contrary. Thus, if two rulers be 
ſo placed as to meet in an angle at one of their ends, 
and there to reſt upon an horizontal plane, whilſt 
at their other end they are raiſed a little above the 
plane; and if a body conſiſting of two equal ſimilar 
cones, united at their baſes, be laid upon the rulers 
in ſuch a manner, that the edge of their baſes may 
lye between the rulers, it will, when left to itſelf, 
begin to roll towards the elevated extremities of 
the rulers, and upon that account appear — 
| WHACTEAS 
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whereas in reality it moves downward : For if a Lxœr. 
ſtring be ftretched horizontally beneath the rulers, VI. 
ſo as that it may touch the edge of the baſes of the: 


cones at the concourſe of the rulers, it will be 
found, that the edge of the baſes -deſcends below 
the ſtring, and that more and more, as the body 
moves nearer to the higher end of the rulers. 

.. Whilſt the body rolls upon the rulers, the Ko 
of the cones which reſt thereon do by reaſon of the 
widening of the rulers grow continually ſmaller ; 
upon which account, at the ſame time that the bo- 
dy aſcends along the plane of the rulers, it is as it 
were carried down another plane equal in length to 
the fide of the cone, and whoſe perpendicular alti- 
tude 1s equal to the ſemidiameter of the baſes of the 
cones 3 and therefore if the perpendicular altitude 
of the rulers, in that part where their diſtance is 
equal to the length of the double cone, be leſs than 
the ſemidiameter of the baſes, the body will move 
up along the rulers, becauſe, by ſo doing, it will in 
reality deſcend, and the deſcent thereof will be 
equal to the difference between the ſemidiameter of 
their. baſes, and the perpendicular altitude of the 
rulers in that part where their diftance is equal 
to the length of the cones ; but if that perpendicu- 
lar altitude be equal to the ſemidiameter, the body 
will reft on any part of the rulers, being carried as 
much upward on one account, as it is downward 
on the other; and if the altitude of the rulers be 
a little increaſed, ſo as to exceed the ſemidiameter 
of the baſes of the cones, the body will roll down 
the rulers, and thereby deſcend thro? a ſpace equal 
to that excels. 


If a cylinder be ſo contrived as to have its center Exp. 3. 


of gravity near one of its ſides, which may be done 
by making a wooden cylinder hollow towards one 
fide, and then filling it with lead ; when it is placed 
on an inclined plane in ſuch a manner, 2 


Or Tuz CENTER or GRAVITY. 


Lx c r. ſide which is neareſt to the center of gravity may lean 


towards the upper part of the plane, it will aſcend, 


provided the inclination of the plane be not too 


{mall, but the center of gravity will at the ſame 
time deſcend ; for it will ſuitably to its nature en- 
deayour to move downward, thereby cauſe the 
cylinder to revolve about its axis; and this revolu- 
tion will make the cylinder, and conſequently its 
center of gravity, to move up the plane; ſo that 
the center of gravity will have as it were two mo- 
tions, one upward, ariſing from the progreſſion of 
the cylinder along the plane, the other downward, 
occaſioned by the rotation of the cylinder about its 
axis; but the deſcent occaſioned by the latter mo- 
tion, will be greater than the aſcent ariſing from 
the former; as will appear by ſtretching a line ho- 
rizontally at the ſame eight with the center of gra- 
vity before the cylinder begins to roll ; for after the 
rotation ceaſes, the center of gravity will be beneath 
the line ; ſo that upon the whole, that center will 
be found to deſcend, notwithſtanding the aſcent of 
the cylinder on the plane, 

When the elevation of the plane becomes ſo great, 
that the aſcent ariſing from the progreſſion becomes 
equal to, or greater than the deſcent arifing from 
the rotation, the cylinder will in the former caſe 
continue at reſt, and in the latter roll down the 
plane. 

A line drawn from the center of gravity of any 


body, perpendicular to the plane of the horizon, is 


called the line of direction of the center of gravi- 
ty; becauſe when the body is carried downward 
by the force of gravity, if it meets with no let or 
obſtacle, its center of gravity will deſcribe that line. 
The chief property of this line 1s, that as long as 


it falls within the baſe of the body, ſo long the bo- 
dy ſtands 3 whereas no ſooner does it fall beyond the 
baſe, but the body tumbles z as will appear ay 
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the following experiment; let a piece of wood beL cr. 
ſet on a moveable plane with a plummet hanging VI. 


from its center of gravity, and let the plane be gra- 


dually elevated, till at length the plum- line (which, Exp. 4. 


as it is always perpendicular to the horizon, will re- 
preſent the line of direction) falls beyond the baſe; 
the wood will not tumble as long as the plummet 
line falls within the baſe, whatever be the elevation 
of the plane whereon it ſtands, but the moment 
that line gets beyond the baſe the body falls. 

The reaſon why a body ſtands during the conti- 
nuance of the line of direction within its baſe is, 
that no motion can ariſe in any body from the force 
of gravity, unleſs the center of gravity can by ſuch 
motion be carried downward; but as long as the 
line of direction of any body falls within the baſe, 
its center of gravity is ſupported, and therefore 
cannot deſcend; and conſequently the body will 
remain unmoved; whereas upon the removal of 
the line of direction beyond the baſe, the center of 
gravity ceaſes to be ſupported, and is therefore at 
liberty to deſcend. 

From what has been ſaid it appears, why among 
bodies deſcending on inclined planes, ſome, for in- 
ſtance cubes, only ſlide, whilſt others, as globes or 
cylinders, roll; the lines of direction falling beneath 
the baſes of the former, but not the latter. 

The center of motion in any body is a fixed 
point or axis, about which the ſeveral parts of a 
body do move, and in moving deſcribe circular 
arches. 


The direction of any power or weight is that 


ſtrait line wherein it moves or endeavours to move. 
And the moment of any power or weight is, that 
force where with it either moves or endeavours to 
move, and it is always proportional to the pro- 
duct arifing from the multiplication of the power 
or weight into the velocity wherewith it moves, 
or would move, if it were not hindred by ſome 
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Lx e r. poſite power or weight. And therefore if the pro- 


VI. duct ariſing from 


e multiplication of one weight 


Wy 2 into its velocity be equal to the product 
1 


Exp. 5. 


ng from the like multiplication of any other 
weight or power into its velocity, the moments of 
thoſe two weights or powers muſt be equal; and 
this will always be where the weights or powers are 
to one another reciprocally as their velocities; con- 
ſequently two weights or powers may balance, if 
as much as one exceeds the other in magnitude, ſo 
much muſt it be exceeded by the other in velocity: 
And herein conſiſts the whole force and efficacy of 
all mechanical engines; for they are ſo contrived, as 
to diminiſn the velocity of one weight or power, and 
to increaſe that of the other; by which means a 
very {mall weight or power may become a balance 
to one exceedingly great, as will appear from what 
ſhall be faid concerning the m ick powers, 
which are commonly reduced to fix, namely, the 
balance, the lever, the pulley, the axle in the wheel, 
the wedge, and the ſcrew ; of each of which in their 


order. 


The BALANCE, ſtrictly ſpeaking, is a beam ſup- 
ported by an axle whereon it turns; which axle 


therefore is the center of motion. The parts of the 


beam which lye on each fide of the axle are called 
its arms; and thoſe parts of the arms to which the 
weights are applied are called the points of ſuſpen- 
ſion; concerning which it muſt be obſerved, that 


the appending weight, whatever be the length of the 
cord by which it hangs, acts with the ſame force, 


and in the fame manner, as if its center of gtavity was 
applied to the point of ſuſpenſion ; fo that it matter 
not what the diſtance is between the weight and point 
of ſuſpenſion, as will appear from the following ex- 


—_ Let a weight appended at one arm of a 
e be counterpoiſed by a weight at the other, 
and let it by means of a cord be hung at different 
diſtances below the point of ſuſpenſion, the * 
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of the balance will remain unvaried, and the weights LEO r. 
will continue to counterpoiſe each other at all thoſe VI. 
diſtances. , 5 2 
Ihe moment of any weight appended at the arm | 
of a, balance is proportional to the product ariſing 
from the multiplication of the weight into the di- 
ſtance of the point of 1 from the axis of the 
balance; for as was before ſaid, the moment of a 
weight is n to the product of the weight 
into its ve 54. and in this caſe the velocity of the 
weight is as the diſtance of the point of ſuſpenſion 
tom the avis; for ſince the weight acts in the ſame 
manner as if its center of gravity was applied to the 
1 I point of ſuſpenſion, whatever be the velocity where- 
with that point moves round the axis, the ſame will 
de velocity of the weight be; but the velocities 
wherewith the ſeveral points in the arm of a balance 
„ W move round the axis, are as the ſpaces, that is, 
x. 2s, the circular arches, which they deſcribe in the 
ſame time, which arches from the nature of the 
„circle are to one another as their reſpective radii, 
TW that is, as the diſtances of the points from the axis. 
Thus, if AB repreſents the arm of the balance Pl. 2: 
* moving round the axis at A, the velocities of the Fig. 9- 
ints B and D, which deſcribe the arches BC and E. 6. 
d E, will be as thoſe arches, becauſe they are de- 
Ne ſeribed in the ſame time; but from the nature of the 
circle, thoſe arches are to one another as their radii 
AB, and AD, that is, as the diſtances of thoſ 
points from the axis ; conſequently, the moment 
a weight appended at the arm of a balance, is as 
© I the product of the weight into the diſtance of the 
int of ſuſpenſion from the axis. Whence it fol- 
at bos, that if two weights be appended at the arms 
A of a balance in ſuch a manner, as that the diſtances 
fa of the points of ſuſpenſion from the axis ſhall be re- 
ciprocally proportional to the weights, thoſe weights 
will counterpoiſe, each other, and the balance will 
be in equilibrio ; for inſtance, if two equal * 
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L e r. be applied at equal diſtances from the axis, the ba- 
VI. lance will not incline to either ſide, but remain pa- 


or Tu BALANCE, 


Was rallel to the horizon, the weights in this caſe coun- 


Exp. 7. 


Exp. 8. 


terpoiſing one another. Again, if one weight be 
larger than the other in any proportion, for inſtance, 
in the proportion of three to one, if the point at 


which the ſmaller is applied be thrice as far diſtant 


from the axis as the point at which the larger is ap- 


plied, the balance will be in æqęuilibrio. 

On this æguilibrium arifing from the ſuſpenſion of 
weights at diſtances reciprocally proportional to. the 
weights, is founded the S/atera Romana, otherwile 
called the 22 — conſiſts of ve arms 
very unequal in length, but equally poiſed by means 
of a weight — to e 66 which 
likewiſe hangs a ſcale in order to receive ſuch things 
as are to be weighed ; the longer arm is divided 
into a number of equa] parts, beginning from the 
axis, and ſuſtains a weight which ſlides from one 
end to the other; which weight being applied to 
the ſecond diviſion will counterpoiſe double the 
weight in the ſcale of the ſhorter arm, that it wlll 


= when applied to the firſt diviſion ; and triple when 


applied to the' third diviſion ; and ſo on, whatever 


de the diviſion to which it is applied, the weight in 


the ſcale of the ſhorter arm muſt be proportional 
thereto; otherwiſe the products ariſing from the 
multiplication: of the weights into their reſpective 
diſtances from the axis would not be equal, and 
conſequently would not balance each other. 

On the. ſame equilibrium is likewiſe founded the 
deceitful balance, which is ſo contrived, as tho' one 
arm be longer than the other, yet is the ſhorter 
made ſo much thicker than the longer, as thereby 
exactly to poiſe the ſame ; upon which account the 
balance appears to be juſt, and conſequently ſuch 
weights as counterpoiſe are judged e — ; „ Fr 
in truth that which is appended at the longeſt arm 
is leſs than the other, and that in the proportion. 

| e 
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| arm, will counterbalance ten ounces appended 
at the ſhotter. | | | 

Several weights a ed at ſeveral diſtances 
from the axis in one fide of a balance will counter- 
poiſe ſeveral others appended likewiſe at ſeveral di- 
ſtances on the other fide z provided the ſum of the 
products, which ariſe from the multiplication of the 
weights on one fide into their reſpective diftances 
from the axis, be equal to the ſum of the products 
ariſing from the like multiplication of the weights 


on the other ſide into their reſpective diſtances. 


Thus, if on one fide a weight of one ounce be ap- Exp. 10. 


pended at the diſtance of two inches from the axis, 
and another of two ounces at the diſtance of three 
mches, and a third .of three ounces at the diſtance 
of four inches; and if on the other fide he append- 
ed one weight of five ounces at the diſtance of an 
inch from the axis, and another of three ounces at 
the diſtance of five inches; the two latter will ba- 
lance the three former; for the product of five into 
one, being added to the product of three into five, 
gives the ſum of twenty; as does likewiſe the addi- 
tion of the three products of one into two, two into 
three, and three into four. 
The chief uſe of the balance, commonly called a 
— of ſcales, is to compare the weights of different 
ies together; and that this machine may be as 
exact and perfect as poſſible, it is requiſite, iſt, 
that the center of gravity of the beam be placed 
a little below the axis, becauſe in this caſe, when 
there is an equilibrium, the beam will not reſt in 
any poſition but the parallel; conſequently, the 
weights which are compared together will appear 
to be equal, as they really are; whereas if the axis 
be placed beneath the center of gravity, ſnould the 
center of gravity be moved _ .of the — 


the length of the (Horter arm to that of the longer; Lxœr. 
for ifance, if the longer arm be to the ſhorter as VI. 
ten to nine, a weight of nine ounces applied at tage 
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LE r. lar line, which can ſcarcely be avoided, it will not 

VI. return, but from its tendency downward will be 

carried lower, ſo as to give the beam an inclined po- 

ſition; for which reaſon the weights will appear to 

be unequal, tho? in reality they are not ſo; and the 

ſame inconvenience will ariſe if the axis paſſes thro? 

the center of gravity, for in that caſe it has been 

already ſhewn, that the beam, notwithſtanding the 
equilibrium, will reſt in any poſition. 

Secondly, the arms of the beam ought to be ex- 
actly equal both as to weight and length, the rea- 
ſon of which is evident, from what was ſaid con- 
cerning the deceitful balance. 

Thirdly, the points from which the ſcales are 
ſuſpended, ought to be in one right line paſſing 
through the beam's center of gravity ; for by this 
contrivance the weights will act directly againſt each 
other, ſo that no part of either will be loft on ac- 
count of any oblique direction. 

Fourthly, the Pian of the beam againſt the 
axis ought to be as little as poſſible; becauſe, ſhould 4 
the friction be great, it will require a conſiderable F 

| force to overcome it; upon which account, though i *? 
| one weight ſhould a little exceed the other, it will þ 
not preponderate, the exceſs not being ſufficient to 10 
| overcome the friction, and bear down the beam. UN 
| That the friction may be as little as poſſible, the 
| 


parts of the beam which play upon the axis, as alſo 
the axis itſelf ſhould be well poliſhed, and the axis 
ſhould be made as ſmall as the uſes of the balance 
will admit; but as friction cannot be intirely pre- 
| vented, to remedy the inconveniences arifing from 
| it as much as poſſible, the arms of that beam ought I *: 
to be made as long as they conveniently can; be- 
cauſe the longer the arms are, the leſs will the Wy. 
weight be that is requiſite to overcome the friction; ¶ this 
the moments of weights increaſing in proportion to I {ph 
their diſtances from the center of motion, as' has 1 
been already ſhewn. * 10 


Or THE BALANCE. 91 
1 ſhall cloſe what I had to ſay concerning the LE er. 
balance, by laying before you one property of it, VI. 
which is, ſomewhat ſingular and ſurpriſing; though ==— 
it has not, that I can find, been taken notice of y 
any of the mechanick writers, namely, that if a Exp. 11] 
man, ſtanding in one ſcale and counterpoiſed by a 
weight in the other, lays his hand to any part of the 
beam, and preſſes it upward, he will thereby deſtroy 
the balance, and make the ſcale wherein he ſtands 
to preponderate. 


2 n order to account for this property, let AB pl. 2. 
repreſent the beam of a pair of ſcales playing on Fig. 10: 
e che axis at C, and let a man ſtanding in the ſcale 


„D, and counterpoiſed by a weight in the ſcale E, 
> Wl hy his hand to ſome part of the beam, either on 
the ſame fide of the axis with himſelf, as at H, or on 
the other fide as at K, and preſs the ſame upward ; 
naſmuch as action and reaction are always equal, 
he It is manifeſt that with whatever force the hand 
14  prefies upward againſt the point H or K, with the 
lame the hand, and conſequently the man's whole bo- 
d, is preſſed downward ; and therefore the ſcale P, 
6 wherein he ſtands, bears the ſame preſſure from his 
feet that the point H or K does from his hand; but 
the preſſure upon the ſcale D may be looked upon 
he I applied to the beam at the point A from which 
100 W hangs; conſequently, the ſame force which 

ſſes up the point H or K, preſſes down the point 
A; wherefore putting F to denote that force, 
FxHC will expreſs the moment wherewith the arm 
AC is prefled upward when the hand is applied at 
he H, and FxKC the moment wherewith the arm 


h * The property here mentioned, had not been taken notice of 
© WW by any of the Mechanick Writers, when the Author compoſed 
nz I this Leare ; but has been publiſhed ſince, both in the Philo- 
to fophical Tranſactions for the year 1729 and in a courſe of ex- 
nas Nl Ferimental Philoſophy, by Dr. DzsacuLiers, to whom our 

| Author communicated it, as he told me and many others, about 
all thirteen or fourteen years ago, when he was in London. 
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LI r. BCi iS preſſed upward the hand . applied at K; 
VI. and in both caſes Fx AC will expreſs the moment 
w herewith the arm AC is pre! 100 do N by 
means of the reaction; if therefore the hand 
applied at , it is manifeſt that as the arm A Ci — 
one and the ſame time preſſed upward by a force 
which is as FX HC, and downward by a force 
which is as the ſame F „AC, and as HC is: ever 
leſs than AC, the arm AC muſt deſcend with the 
difference of thoſe forces, that is, with a force equal 
to Fx AH, which is the diſtance of the hand from 
the point A; ; if the hand be applied at K, the arm 
CB is preſſed upward, and conſequently AC dawn- 
ward, with a force equal to Fx KC, and upon ac 
count of the reaction AC is likewiſe preſſed donn. 
ward with a force equal to Fx AC; and therefore 
it muſt deſcend with a force equal to the ſum of 
thoſe two forces, that is, with a force equal to 
Fx AK the diſtance of the hand from the point A; 
ſo that the ſcale D muſt preponderate whether the ¶ ch 
hand be applied to that part of the beam which 
lyes on the ſame fide of the axis with the man, or to Ml m 
that which lyes on the other fide ; and if D be put ¶ m. 
to denote the diſtance of that point to which the I By 
an 
are 


hand is applied from the point A, the force where- 
with the preponderating ſcale deſcends will be uni 
verſally as Fx D, that is, as the force which the 
hand exerciſes againſt the beam, multiplied in 
the diſtance of the hand from the point A. And 
if the force wherewith the hand preſſes the beam 
be required, it may be diſcovered by throwing in 
as much weight into the ſcale E as is ſufficient to ba- 
lance the force of the hand, and to prevent the 
deſcent of the ſcale D; for putting W to denote that 
weight, its moment is as W x BC or AC, which be- 
ing equal to Fx D the moment of F, F will be 


found oo to W x- 5 5. that. 1 is, to the weight 
multiplied 


| or Tur LEVER. "= 
mültiplied into half the length of the beam, and LE Cr. 
divided by the diſtance of the hand from A. For VI. 
inſtance, if the balancing weight be twenty pounds. 
and the diſtance of the hand from A be to half the 
* of the beam as one to two, the force where- 
nich the hand preſſes the beam is equal to twent 
pounds multiplied by two and divided by unity, 
that is, it is equal to forty pounds; from what has 
been ſaid it follows, that when the hand is applied 
to that part of the beam which lyes on the ſame ſide 
of the axis with the man, the force of the hand 
upon the beam 1s greater than the weight which ba- 
lances it in the ſcale E, and leſs than the ſame when 
the hand is applied to that part of the beam which 
lyes on the other ſide of the axis with reſpect to the 


man; for in the firſt caſe, W x Y is greater than 


W, and in the latter leſs, inaſmuch as AC is in the 
former ' caſe always greater, and in the latter leſs 
than D. | 
The ſecond, and indeed the moſt fimple of all the 
mechanic powers is the LEVER ; an engine chiefl 
made uſe of to raiſe large weights to ſmall heights. 
be By the writers of mechanicks, it is ſuppoſed to be 
re- ¶ an inflexible line void of all gravity ; tho? ſuch as 
ni- WF are in common uſe are both flexible and weighty. 
he In every lever there is one immoveable point, about 
wich as a center all the parts of the lever turn; 
nd Wand whatever ſupports that point is called the prop; 
an Wand with regard to the different ſituations of the 
in moving power, and the weight to be moved in re- 
ba- ¶ ſpect to the prop, the lever is divided into three 
the I kinds; the firſt of which is where the prop is placed 
hat I between the moving power and the weight to be 
be- raiſed ; which kind e is repreſented, where- Plate 2. 
be in C denotes the prop, B the weight, and A the Fig 11. 
oht power, In this lever there will be a balance be- 
tween the power and the weight, provided they be 
llc lan 3 to 
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LES r. to one another reciprocally as their diſtances; from 
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VI. the prop; that is to ſay, if the power at A he to 
the weight at B, as CB to CA; for upon the mo- 


tion of the lever round its fixed point C, the power 
at A will deſcribe the arch AD in the ſame time 
that the weight at B deſcribes the arch BE ; conſe- 


gquently, the velocity of the power will be to the 


velocity of the weight, as the arch AD to the arch 
BE; that is, becauſe the arches are ſimilar, as is 
evident from the manner wherein they are generated, 
as AC to CB. That therefore the product ariſing 
from the multiplication of the power into its veloc- 
ty, may be equal to the product of the weight into 
its velocity, or in other words, that their moments 
may be equal, the power muſt bear the ſame propor 
tion to the weight, that BC the diſtance of the 
weight from the prop bears to A C the diſtance of 


. the power from the prop. For inſtance, if BC be 


to AC as one to two, and if a man's ſtrength be 
ſuch as that without the help of a machine he can 
ſupport an hundred weight, he will by the help of 
this lever be enabled to ſupport two hundred; be. 
cauſe as BC is to AC, Shack by ſuppoſition is as 
one to two, ſo muſt the power at A be to the 
weight at B; but the power at A is ſuppoſed to be 
equal to one hundred, conſequently the weight muſt 


be equal to two. 


As in this lever the prop may be placed either 
at the middle diſtance between the moving power 
and the weight, or nearer to one than the other, i 


s evident that there may be a balance between the 


power and the weight, either when they are equal, 
or when the one exceeds or 1s exceeded by the other 
according to the different ſituations of the prop. 
To this kind of lever may he reduced ſeveral 
ſorts of inſtruments, ſuch as ſciſſars, pincers, ſnut- 
fers, each of which may be conſidered as made up 
of two levers, whoſe prop is the ſame with the 2 
hic 
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which rivets them together. Quarry crows are LEO r. 
likewiſe levers of this kind, concerning which it VI. 
muſt be obſerved, that the larger and more ponde· 
rous they ate, provided they are not ſo big as to 
become unmanageable, the more uſeful they muft 
be, becauſe the weight of that part of a crow which 
lyes on the ſame fide of the prop with the power, 
and which uſually far exceeds the other part in 
length, acts in conjunction with the power, and 
thereby facilitates the raiſing of the ſtones. | 

If the arms of this lever, inſtead of lying in a 
right line, meet each other at the prop in a right 
angle, where AC and BC repreſent the arms of a Pl. z. 
lever united at the prop C, in ſuch a manner as to Fig. 1. 
conſtitute a right angle ACB; if to one arm as 
CB placed horizontally, a weight be appended at B, 
and to the other as AC ſtanding perpendicularly a 
power be applied at A acting in the Weston AD. 
In order to a balance the power muſt be to the 
weight as BC to AC, that is, the power and weight 
muſt be in the inverſe ratio of the lengths of the 
arms to which they are applied. For as the arms 
turn together upon the prop C, in the ſame time 
that the point B deſcribes any arch as BK, the point 
A muft deſcribe a fimilar arch as AH; conſe- 
quently, the velocity of A will be to the velocity of 
Bas AC to BC; but as the moment of the power 
at A is ſuppoſed equal to the moment of the weight 
at B, the power muſt be to the weight, as the velo- 
city of the latter to the velocity of the former, that 
s, as BC to AC. 

To confirm this by experiment, let BC be one Exp. 13. 
ber fourth of AC, and a weight of twelve ounces be ap- 
pended at B; to the chord ADF made faſt to the 
point A and paſſing over a pulley at D, let a weight 
of three ounces be hung at F fo as to pull the arm 
AC in the direction AD, and there will be a ba- 
Un lance, And if BC be one third or one half of AC, 
MIC then a weight at F, which in the former caſe is one 
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LES T. third, and in the latter one half of P will Balancer 


the ſame; and if AC and BC be r . be 


2 lancing weights muſt be ſo too. 


| weight to change their places, fo as that the power 


From the experiments, and what his: — ſai 
concerning them, it is evident, that the greater the 
proportion is which AC bears to BC, the greater is 
the force of the lever, or the leſs the power at A 
requiſite to balance a given weight at B. And 
foraſmuch as the hammer when made uſe of in 
drawing nails is a lever of this kind, it is-mani- 
feſt, that the longer the handle is in -proportion 
to that part of the hammer which lyes between 
the handle and that portion of it which gripes 
the nail, the leſs will the force be as is Than 
to draw the nail. 
The ſecond kind of lever has its piop at one end, 
the power at the other, and the weight between, as 
where C is the prop, A the power, and B the 
weight; in this lever, in the ſame time that the 

wer at A moves thro? the arch of a circle whoſe 
radius is AC, the weight at B moves thro? a ſimi. 
lar arch of a leſſer circle whoſe radius is BC; 3 con- 
ſequently, the velocity of the power is to the velo- 
city of the weight as AC to BC; in order therefore 
to a balance, the power muſt be to the weight as 
BC to AC; that is, as much as AC, the diſtance of 


the power from the prop exceeds BC, the diſtance of 


the weight from the prop, ſo much muſt the en 
exceed the power. 

Ass in this lever the diſtance of the ekt from 
the prop is 1 leſs than the diſtance of the power 
from the prop, it is evident that there cannot be a 
balance in any caſe but where the weight exceeds the 

wer. 

To this kind of lever may be reduced the oars 
and rudders of ſhips, cutting-knives fixed at one end, 
and doors moving upon hinges. 

If in this lever we ſuppoſe the power and the 


may 


Ver 
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97 
abe applied at B between the weight at A and LA c T. 
grate at C, it will become a lever of the third VI. 
kind ; wherein in order to a balance, the power at. 
B muſt ſo far exceed the weight at A, as B C, the Plate 3. 


AC the diſtance of the weight from the prop. 

It is evident, that the moving power receives no 
advantage from this kind of lever, and therefore it 
is never made uſe of but in caſes of neceſſity, and 


where the weights to be raiſed cannot be managed 


in a more convenient manner; as is the caſe of 
ladders, which being fixed at one end are by the 
force of a man's arms reared againſt a wall. f 
As levers are of ſervice in raiſing weights, ſo are 
they likewiſe in carrying and ſupporting the ſame; 
concerning which it is to be obſerved, that when two 
powers ſupport a weight by help of a lever, the ſum 
of the powers muſt equal the weight; and the weight 
being placed between them, their reſpective diſtances 
therefrom muſt be reciprocally as the powers. Thus, 


if a weight reſting on the lever at B be ſupported Plate 3. 
by two powers, one at A and the other at C, the Fig. 3. 


diſtance of A from B muſt be to the diſtance of C 
from B, as the power at C is to the power at A. 
For in this caſe the lever is of the ſecond kind, 
where each of the powers is in its turn to be looked 
upon as the prop, and then the other power muſt 
be to the weight as the diſtance of the weight from 
the prop to the diſtance of the power | = the 
prop; that is, when A is conſidered as the prop, 
the power at C muſt be to th weight at B, as AB 
to AC; and when C is confidered as the prop, the 
power at A muſt be to the fame weight at B, as 
CB. to CA. Conſequently fince the power at A 
is to the weight as BC to AC; and fince the fame 
weight is to the power at C, as ACto AB; the 
power at A muſt be to the power at C, as BC to 
B A, that is, the powers muſt be to one another in- 
verſly as their diſtances from the weight; and thus 
Ari Xt ; 2 it 


diſtance. of the power from the prop, is leſs than Fig 3 
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Exp. 16. 
Plate 3. 
Fig. 4. 
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it will appear to be from experiments. For if from 
the point B of the lever A Ca weight, as D, be ſuf. 
pended, and if two other weights, as E and F, be 
ſuſpended from the extreme points A and C by 
cords paſſing over pulleys, ſo as that they may draw 
the lever directly upward ; they will ſupport the 
weight D provided the ſum of thoſe two weights be 
equal to the weight D, and the weight E be to the 
weight F as BC to BA. 13. 

The ſame thing will happen, if the three weights 
be made to pull the lever horizontally, which may 
be done by paſſing the cords over ſmall wheels or 
pins placed on a level with the lever. 

In ſhewing what the proportion ought to be be- 
tween two powers which ſupport a weight placed 
upon a lever, I have ſuppoſed the poſition of the 
lever to be parallel to the plane of the horizon; 
what the proportion ought to be, and in what man- 
ner ſuch proportion is determined in inclined poſi. 
tions of the lever, ſhall be ſhewn when I come to 
treat of powers acting in oblique directions. 

If inſtead of a ſingle lever ſeveral be combined 
together in ſuch a manner, as that a weight bein 
appended to the firſt lever, may be ſupported by a 
power applied to the laſt, as in the machine, which 
conſiſts of three levers of the firſt kind, and is ſo 
contrived, as that a power applied at the point L of 
the lever C may ſuſtain a weight at the point S of 
the lever A. The power mult be to the weight in 
a ratio compounded of the ſeveral ratios, which thoſe 
powers that can ſuſtAn the weight by the help of 
each lever when uſed ſingly and apart from the reſt 
have to the weight; for inſtance, if the power 
which can ſuſtain the weight P by help of the lever 
A alone be to the weight as one to five; and if the 
power whereby the fame weight can be ſuſtained 
by the help of the lever B alone be to the wy 
as one to fur; again, if the power which can ſup- 
port the ſans weight by the help of the lever C 

alone 


© 
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alone be to the weight as one to five; the power LE Cr. 
which ſupports the weight by means of thoſe three VI. 
levers joined together will be to the weight in aa 
ratio; compounded of one to five, one to four, and ; 
one to five, that is, it will be as one to an hundred. 
For ſince in the lever A a power aq to one fifth 
of the weight P prefling down the lever at L is ſuf- 
ficient to ak, the weight, and fince it 1s the 
ſame thing whether that power be applied to the 
lever A at L, or the leverB at S, the point S bear- 
ing on the point L, a power equal to one fifth of 
the weight P being applied to the point S of the 
lever B, and preſſing the ſame downward, will ſup- 
the weight ; but one fourth of the ſame power 
1 g applice to the point L of the lever B, and 
puſhung the ſame 7 will as effectually depreſs 
the point S of the ſame lever, as if the whole power 
was applied at S; conſequently a power equal to 
one fourth of one fifth, that is, to one twentieth 
part of the weight P, being applied to the point L 
of the lever B, and puſhing up the ſame, will ſup 
the weight ; but it matters not whether that force 
be applied to the point L of the lever B, or to the 
point S of the lever C; fince if S be raiſed, L, 
which reſts thereon, muſt be ſo too: but one fifth 
of the power applied at the point L of the lever C, 
and preſſing it downward, will as effeQually raiſe the 
point. S of the ſame lever, as if the whole power 
in vas applied at S and puſhed up the fame ; conſe- 
e quently a power equal to one fifth of one twentieth, 
of I that is, to one hundredth part of the weight P, be- 
t ing applied to the point L of the lever C, will ba- 
er lance the weight at the point S of the lever A; that 
er , a power which is to the weight in a ratio com- 
he pounded of the three ratios, which the powers have 
ed to the weight in each lever taken ſeparately, will be 
ht a balance to the weight when the three levers are 
p- uſed jointly. And by the ſame way of reaſoning — 
W 
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will be found, that in all machines of this kind the 


power requiſite to ſuſtain the weight is to the 


weight in a ratio made up of the ſeveral ratios of 


the power to the weight in each lever taken 'ſepa- 


rately, whatever be the number of levers. 


In all that has been hitherto ſaid concerning the 
lever, the power and the weight are ſuppoſed to act 


in direct oppoſition to each other; and on this ſup- 


poſition the power muſt be to the weight in each of 
the three kinds of levers in the reciprocal ratzo of 
their diſtances from the prop, as has been fully 
proved with regard to each kind; but where the 
directions of the power and weight are inclined to 
each other, the proportion will vary from what has 
been here determined, as ſhall be ſhewn when | 
come to treat of powers acting in oblique di- 
rections. | ö 


LECTURE VII. 


Or THE PULLEY. 


2 N this lecture I ſhall give you an account of the 


the Screw. The PULLEY is a ſmall wheel that 


Pulley, the Axle in the Wheel, the Wedge, and 


turns about its axis, and which has a drawing rope 
paſſing over it. It is made uſe of in raiſing large 
weights to conſiderable heights ; and is of two 
kinds, fixed and moveable. The ſole uſe of the 
forced pulley is to change the direction of the moving 
power, which in all caſes where weights are to be 
raiſed to great heights is exceedingly convenient, and 
very often of abſolute neceſſity: for inſtance, if 
the weight P is to be raiſed by the force of a man's 
hand to any height, as A, above the reach of the 


hand, the man muſt quit his place, and aſcend, in 


order to carry up the weight, which for the molt 


ISOs FSA 
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part is found to be inconvenient, and ſometimes im- LE c T. 
ptacticable; whereas if to a rope, as PA F, paſſing VII. 
over the fixed pulley at A, the weight be made. 
faft-at one end, as P, and the hand applied to the : 
other end at F, the man by drawing the rope AF 
downward will, without moving from his place, raiſe 
the weight as effectually, as if his hand was applied 
to ĩt and moved upward from P to A; fo that in 
ruſing weights to great heights the fixed pulley is 
of ſingular ſervice, in as much as by changing the 
direction of the power, it takes off the neceſſity 
that a man would otherwiſe lye under of aſcending 
along with the weight, and by ſo doing leſſens his 
labour; beſides, it has this farther convenience at- 
tending it, tat by means thereof the joint ſtrength 
of ſeveral perſons may be made uſe of to .raiſe one 
and the ſame weight, which in many caſes cannot 
be dope, at leaſt not ſo conveniently, where the 
weight is faiſed by the immediate application of 
the hands: but this pulley does not in the leaſt aſ- 
fit the power, by increaſing its moment; becauſe 
it neither leſſens the velocity wherewith the weight 
nſes, nor augments that of the power; for what- 
ever be the ſpace thro* which the power moves by 
drawing the rope AF, the weight muſt in the ſame 
time be drawn up thro' an equal ſpace, the rope 
AP conſtantly ſhortening in the ſame proportion 
that the rope AF 1s lengthened ; and therefore 
wherever any power ſupports a weight by means of 
a fixed pulley, that power muſt be equal to the 
weight. | 
9 hen a pulley riſes and falls along with the Plate 3. 
x weight, as does this pulley, it is ſaid to be move- Fig 7. 
d able, and, with regard to its ufe, it is juſt the re- 
if ¶verſe of the fixed pulley ; for it adds to the mo- 
ment of the power, but cauſes no change in its di- 
erection; for if the hand be applied at F to the 
n rope D, in order to raiſe the weight P appended to 
ſt the moveable pulley E, it muſt move directly up: | 
rt | war 
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Or Tur PULLEY. 
ward in the very ſame manner, as if it was applied 
immediately to the weight; conſequently the di. 


waxes reftion of the hand which raiſes the weight is no 


way altered by this pulley, but the moment thereof 
is doubled, becauſe it is made to riſe twice as faft 
as the weight; for in the fame time that the hand 


moves upward from F to G thro? the ſpace F G, 


Plate 3. 
Fig. 8, 9, 
10. 


Plate 3. 
Fig. 8. 


equal in length to the two equal ropes D and C, 
the pulley, and conſequently the weight annexed, 
will be drawn up thro' the ſpace E H, whoſe length 
is equal to one of the ropes oniyx. 

In machines confiſting of ſeveral pulleys, whereof 
ſome are fixed and ſome moveable, and'which have 
one common rope that goes round them all ; if 
one end of the rope be fixed, as is the caſe in the 
machines repreſented by theſe figures, in order to a 
balance, the moving power muſt be to the weight as 
one to twice the number of moveable pulleys'; be- 
cauſe the velocity wherewith the pov moves in 
raiſing weights by the help of ſuch engines, is to 
the velocity of the riſing weight as twice the num- 
ber of moveable pulleys to unity; as I ſhall now 
ſhew you in the machine, which conſiſts of one 
fixed pulley, as A, and another moveable, as E. 
Since it is one and the ſame rope that is conti. 
nued from G to FE, the part A F, which lyes be. 
yond the fixed pulley, cannot be drawn down and 
thereby lengthened, unleſs the two parts D and C, 
which lye on each fide of the moveable pulley, be 
at the ſame time drawn up and ſhortened, and that 
equally : whence it is evident, that the part AF 


* 


will be lengthened as faſt again as either D or C 5 


ſhortened, inaſmuch as what each of thoſe 75 
P; 


loſe of their lengtli is added to the length of 
but the point F, to which the power is applied, de- 
ſcends as faſt as A F is lengthened; and the point 


E, to which the weight is faſtened, aſcends as faſt 


as D or C is ſhortened; conſequently the velocity of 
the power is to the velocity of the weight as two 
3 to 


Or TRE PULLEY. 103 
to one, that is, as twice the number of moveable LE Cr. 


5 pulleys to unity: if therefore a weight appended at VII. 

E be to a weight appended at E as one to two, CN | 
of they will balance each other, as being to one ano- Exp. 2. | 
f ther in the reciprocal ratio of their velocities. "OF 
id In the machines, each of which conſiſts of two Plate 3. 
fed and as many moveable pulleys, and which dif- Fig. 9, 10. 

0 fer only in this, that in one the pulleys of the ſame Exp. 3. | 
ind move upon one and the fame axis, and in the 1 
{Mother upon different axes; I ſay, in theſe machines, 1 
the velocity wherewith the power moves is to the 

of Neelocity wherewith the weight riſes. as four to one, 


that is, as twice the number of moveable pulleys to 
one; for as the part of the rope A F is drawn down 
and lengthened, the four parts B, C, D, H, which 
ye on each fide of the two moveable pulleys, are 
drawn. up and ſhortened, and that equally ; and what | 
ach of them loſes of its length is added to the length i" 
f AF; conſequently A F is lengthened four times | 
as faſt as each of the other parts ſhortens 3 but the nt 
power moves as faſt as AF lengthens, and the 
eight riſes as faſt. as the other four ſhorten; and 
herefore the velocity of the power at F is to the 
elocity of the weight at E as four to one, or as 
twice the number of moveable pulleys to unity : 
for which reaſon, if a weight be appended at F, 
which is to the weight at E as one to four, that is, 
n the reciprocal ratio of their velocities, there will 
be a balance. 
What has been thus proved with regard to the 
f three laſt machines, namely, that the velocity 
herewith a power moves in raiſing a weight is to 


1 he velocity wherewith the weight riſes as twice the 
Number of moveable pulleys to unity, is in the ſame 


manner demonſtrable with regard to any other ma- 
hine of the ſame kind, whatever be the number 
o pulleys whereof it conſiſts ; and therefore in all 
| of Nachines conſiſting of - ſeveral pulleys, wheel 


_ 


Or Tue PULLEY. 


Lec r. ſome are fixed, and others moveable, and round 


VII. 


which goes one common rope, fixed at one end, it 


may be laid down as a general rule, that in order 


Exp. 4. | 


Plate 3. 
Fig. 11. 


to a balance between the moving power and the 
weight, the former muſt be to the latter as one ta 
twice the number of moveable pulles. 

If the rope which goes round the pulleys, inſtead 
of being fixed at one end, be faſtened to the weight 
or to the block which ſupports the , moveable 
pulleys, ſo as to riſe therewith, as in; this ma- 
chine, which conſiſts of five pulleys, whereof three 
are fixed and two moveable, and in which the end 
of the rope is joined at G to the block which. ſu 
ports the two moveable pulleys ; the velocity of th 
power is to the velocity of the weight as the ſum 
of twice the number of moveable pulleys increafed 
by unity to one; for in this caſe the parts of the 
rope, which are equally ſhortened in order to 
lengthen the part A F, are more in number by one 
than the ſum of the moveable pulleys when doubled; 
conſequently fince the power at F moves as faſt 
AF is lengthened, whilſt the weight at E riſes in 
N only to the RE of the rope 

„C, D, H, K, the velocity of the power bean 
the ſame proportion to the velocity of the weight, 
as the ſum of twice the number of moveable pulleys 


increaſed by unity does to one; and therefore it the 


power be to the weight in the inverſe ratio, that 
18, as one to twice the number of moveable pulleys 
added to unity, there will be a balance. Thus, i 
in the machine a weight appended at F be to ano- 
ther at E as one to five, they will balance and re- 
main unmoved. Feb | 

If to any of the forementioned machines be add- 
ed a runner, that is, a ſingle moveable pulley, 
which has its own rope diſtinct from that which i 


common to the other pulleys, one end . whereof ſri 
. Hxed as at L, the other being . faſtened to theWinit 
block at E, and the weight appended at M, the 


force 


or TU PULLEY; © 


when ſpeaking of the fingle moveable pulley, what- 
ever be the proportion which the velocity of the 
power at F bears to the velocity of the weight when 
apperided at E, it will be doubled if the weight be 
appended at M; conſequeritly, the power will by 
the help of the runner be able to ſuſtain twice the 
weight that it did before. 


the parate rope, one end whereof being fixed, the other 
un either paſſes over the fixed pulley; as does that of 


fed che firſt moveable pulley E, or is joined to the 
the moveable pulley which lyes next above it, as is the 
ko 


caſe of the ropes B, C, D, which belong to G, H, and 
the ſecond, third, and fourth moveable pulleys; 
being joined at N to the firſt moveable pulley, 
tu at K to the ſecond, and D at L to the third; the 
s 0 Wvcight being appended to the laſt moveable pulley 
t H. The velocity wherewith the weight riſes in 
ſuch a machine is to the velocity of the power, as one 


ght, Wo the laſt term of a duple progreſſion; wheteof the 
les irt term is unity, and the number of terms more 
the Why one, than the number of moveable pulleys. 

that For as I proved When ſpeaking of the ſingle 


moveable pulley, the velocity of the power at F 
to the velocity wherewith the pulley E rifes, as 
wo to one; and ſo likewiſe is the velocity of E, 
o that of G, and that of G to that of I, and fo 
In, whatever be the number of moveable pulleys, 
he velocity of each ſucceeding pulley is but one 
alf of the velocity of the preceding ; wherefore, 
the velocity of the laſt alley, which is the ſame 
nth the velocity of the weight, be put equal to 
tity, the velocity of that which immediately pre 
des it; to wit H, will be as two, and the veloci- 

"HB ”” OW 


If a machine be combined of one fixed and ſe- Pl. 3. 
yeral- moveable pulleys, put together in ſuch a man- Fig. 13. 
1p- WM ner as that each of the moveable pulleys has a ſe- Exp 


705 
ſoree of the former machines will be doubled by this L x c T. 


additional pulley; for ſince the point E moves with VII. 
twice the velocity of the point M, as I ſhewed == 


3 
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LzcT. ty of G, as four, and of E, as eight, and ſoon, Nof 
VII. if there be more moveable pulleys, the velocity M4; 
3 Will be continually doubled, and fince the velocity of MW 
the laſt pulley is expreſſed by unity, that of the Miz" 
firſt will be expreſſed by the laſt term of a duple rei 
rogreſſion whoſe firſt term is unity, and the num-Mth; 
— of terms equal to the number of moveable | pul. 
leys; and conſequently, ſince the velocity of the 
wer is double that of the firſt moveable pulley, 
if the duple progreſſion be continued to one term 
more, that term will expreſs the velocity of the 
power, the velocity of the weight being as unity; 
thus, in this machine, the number of moveabl 
lleys being four, the velocity of the weight at M 
15 to that of the power at F, as one to fixteen ; i 
therefore a weight appended at F be to the weight 
at M, as one to ſixteen, there will be a balance. 
Tho? this engine be of greater force than ary 
other wherein there 1s the — number of move 
able pulleys, yet inaſmuch as it does for that ver 
reaſon raiſe weights more ſlowly, men for the fake 
of diſpatch chooſe rather to make uſe of ſuch com 
binations of pulleys as are repreſented in the gth and 
roth Figures, and where they have occafion to rail 
very large weights, they double the force of tholt 
machines by the addition of a runner. 
The fourth mechanick power is called tht 
AXLE IN THE WHEEL Which is a ſimple enginbf t 
conſiſting of one wheel fixed to the end of 'an axiþ'y 
that turns along with the wheel; the manner 4k 
raiſing weights by the help of this machine is thus 
the power being applied to ſome part of the whee! 
circumference, turns the wheel, and together wit 
it the axle, by which means a rope that is tied t 
the weight at one end, and made faſt to the ax 
at the other, is wound about the axle, and there) 
the weight drawn up; and for as much as the whet 
and its axle revolve together, in whatever time tl 
power moves thro? a ſpace equal to the circumferen 


OH THE AXLE is TAE WHEEL. 


„Jef the wheel, the weight muſt in the ſame time be Lor. 
Y raiſed up thro? a ſpace equal to the circumference of VII. 
of R 
1 


#to the velocity of the weight, as the cireumfe- 
tence of the wheel to the circumference of the axle; 
that is, from the nature of the circle, as the diame- 
ter of one to the diameter of the other; if there- 


he ore the power be to the weight in the inverſe ratio 

M. ef thoſe diameters ; that is to ſay, if the power be 

mm ito the weight, as the diameter of the axle to the 

de di of the wheel there will be a balance; the 
Moser in that caſe being juſt ſufficient to ſupport the 

ble weight. For inſtance, F, the diameter of the wheel Exp. 7. 
Mee five inches, and that of the axle one, a weight 

i ef one ounce hanging from any point in the circum- 


ſerenge of the wheel will ſupport a weight of five 
unces' hanging at the axle; and if the diameter of 


an) the axle be but half an inch, then will ten ounces at 
ve che axle be ſupported by one at the wheel. 

en Where the parts of the axle differ in thickneſs, 
arif weights be hung at the ſeveral parts, they may 
om. t faſfained by one and the ſame power applied to 
ande circumference of the wheel, provided the 


product ariſing from the multiplication of the power 
nto the diameter of the wheel be equal to the ſum 
ff the products ariſing from the multiplication of 
he ſeveral weights into the diameters of thoſe 

f the axle from which they are ſuſpended. Thus 


Wn axle whoſe diameter is one inch, and another 
if ten ounces from a part whoſe diameter is half an 
ch, will be balanced by a weight of two ounces 
mging from the circumference of the wheel whoſe 
llameter is five inches; for the ſum of the pro- 
Wits of five into one, and of ten into one half, 
Which expreſs the moments of the weights, is equal 
J ten, as is alſo the product of two into five, which 
preſſes the moment of the power. 


H 2 If 


roy 


the ale, conſequently, the velocity of the power 


veight of five ounces hanging from the part of Exp. 8. 
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Lor. If to the axle in the wheel be added one or more 

VII. wheels with teeth, fo that motion may be 'commu- 

Wy w nicated from the firſt wheel to the laſt ; the weight 

being hung from the axle of the laſt wheel, whilf 

the moving power is applied to the circumference 

of the firſt wheel ; in order to a balance, the power 

muſt be to the weight in a ratio compounded of 

the inverſe ratio of the diameter of the firſt wheel 

to the diameter of the laſt axle, and of the inverſ: 

ratio of the number of revolutions made by the fir 

wheel, to the number of. revolutions made by the 

laſt axle in a given time; for if the firſt wheel an 

the laſt axle revolved in the ſame time, the ratio d 

the diameter of the wheel to that of the axle, woull 

expreſs the ratio of the velocity of the power, 9 

the velocity of the weight; but if the whegl re 

volves oftner than the laſt axle in a given time, i 

is evident, that the ratio of the velocity of the 

| power to that of the weight will be greater in thi 

| proportion; conſequently, the velocity of the poye 

| muſt be to the velocity of the weight in a rats 

| compounded of the ratio of the diameter of the 

firft wheel to the diameter of the laſt axle, and of tht 

revolutions of the firſt to thoſe of the laſt axle in 

given time: and therefore, that there may be a bs 

lance between the power and the weight, the for 

mer muſt be to the latter inverſly in the ſame com 

Fxp.9- pounded ratio, For inſtance, in a machine cots 

ſifting of two wheels with their axles, wherein tht 

diameter of the firſt wheel is four inches, and tha 

of the ſecond axle a quarter of an inch, and where 

in the cogs or teeth of the firſt axle, by applying 

themſelves ſucceſlively to the teeth of the ſecond 

| wheel, turn it about, and therewith its axle; but 

| the teeth of the firſt axle * in number bu 
one fourth of the teeth of the ſecond wheel, thut 


— —— — 


axle, and conſequently the firſt wheel, muſt r. 
volve four times in order to turn the ſecond whet 


and its axle once; ſo that the revolutions of tit 
| 2 firtt 
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we irſt wheel in a given time are to the revolutions of LE c T. 
m. Ihe ſecond axle, as four to one: in this machine, in VII. 
e rder to a balance, the power muſt be to the weight 
wn nyerſly in a ratio compounded of fixteen to one, 

nd of four to one; that is, it muſt be to the weight 

verſly as ſixty- four to one; ſo that a weight of 

pne ounce at the circumference of the firſt wheel, 

ill ſupport a weight of ſixty- four ounces faſtened 


ee] 

ro the ſecond axle. 

irn Again, in a machine compoſed of three axles, Exp. 10. 
the (be two laſt having wheels with teeth, and the firſt 

e | ſcrew which in each revolution of the 
irt axle moves one tooth only of the wheel of the 


cond axle; which wheel having twenty-eight 
zeth, moves round once in the ſame time that the 
re axle turns twenty eight times; and there being 
z ſmall wheel with fourteen teeth at the other end 
f the ſecond axle, and theſe teeth applying them- 
elyes continually to the teeth of a wheel fixed on 
e third axle, which are twenty-eight in number; 
e wheel of the third axle muſt revolve but once 
the ſame time that the wheel of the ſecond axle 
evolves twice, and of conſequence the third wheel 
ind its axle move round but once whilſt the firſt 


10 xle performs fifty- ſix revolutions; and the diame- 
ſo err of the firſt axle is to that of the laſt as two to 


ne; in order therefore to a balance between the 
ower which is applied to the firſt axle, and the 
weight which is applied to the laſt, the power muſt 
: to the weight inverſly in a ratio compounded of 
two to one, and of fifty-fix to one; that is, the 
power muſt be to the weight as one to an hundred 


0 ind twelve; ſo that one ounce hanging from the 
dul erſt axle will ſupport an hundred and twelve ounces 
twifPanging from the laſt axle. 


In order to exhibit the force of the wE D Ox, pl. ;. 

re rhich is the fifth mechanick power, let AD repre- Fig. 14. 
heel ent the baſe of a wedge, from whoſe middle point 

the let the line BE be drawn perpendicular to the 

firk H 3 fide 


} 
| 
| 
| 
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LE e r. fide. DC, and the line BC at right angles to AP, 
VII. and conſequently, biſecting the angle ACD made 

by the concourſe of the wedge's fides. © 
: In cleaving timber with a wedge, the force of the 


rolling upon the rulers, may be looked upon # 
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mallet which ſtrikes the wedge is to be looked up. 
on as the moving power, and the coheſion of the 
E of the timber, as the reſiſtance or weight to 
moved ; now; whilſt the wedge is driven by the 
repeated ſtrokes of the mallet from B to C, (for! 
ſuppoſe the edge of the wedge to be placed on the 
top of a piece of timber at B in order to rend it, 
the ſpace deſcribed by the wood as it yields on each 
fide of the wedge in lines perpendicular to thoſe 
fides, is equal to BE. Conſequently, that the mo- 
ment of the mallet may be equal to the reſiſtance of 
the wood, the abſolute force of the mallet muſt be 
to the force wherewith the parts of the wood cohere, 
as BE to BC, that is, as the ſine of the angle BCD 
to radius; whence it follows, that all ſimilar wedges Mt V 
are of equal force, for in ſuch the angle BCD » 
wen ; it likewiſe follows, that the powers of di. 
milar wedges are inverſly as the fines of the angle fr 
BCD, or in other words, that the forces requiir li 
to rend timber with ſuch wedges, are directly as the 8< 
fines BE, which is confirmed by the following ei. 
riment, 

Let a machine be ſo contrived, as to conſiſt d 
two equal cylinders, rolling upon their axles in at 
horizontal poſition along the edges of two rulers 
and let them be drawn and kept together by a weight 
of 2000 grains, hanging freely by a rope, fafſtene 
at each end to the cylinders, and let the edge 0 
a wedge be placed between the cylinders, ſo # 
that when a ſufficient weight is hung to it, it ma) 
be drawn down between the cylinders ; in this ma- 
chine the force wherewith the cylinders are draw 
together, added to the attrition of their axles 1! 
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the reſiſtance of the timber, and the weight of ths 


wedge 
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together with the appending weight where- LEO r. 
by it is pulled down between the cylinders, as the VII. 
force of the mallet upon the wedge; now, if three: 


es be made uſe of, each three inches long, in 
which the ſines BE are as one, two, and three, their 
weights likewiſe being in the ſame proportion, the 
firſt will be drawn down by a weight of 300 grains, 
the ſecond by one of 600 grains, and the third by 
one of 900 grains. 

To the wedge may be reduced the axe or hatchet, 
the teeth of ſaws, the chiſel, the augur, the ſpade 
and ſhovel, knives and ſwords of all kinds, as alſo 
the bodkin and needle, and in a word, all forts of 
inſtruments, which beginning from edges or points 
grow gradually thicker as they lengthen ; and the 
manner wherein the power is applied to ſuch inſtru- 
ments, is different according to their different ſhapes 
and figures, and the various uſes for which they 
were contrived. 6 

The next and laſt mechanick power is the 
SCREW, Which conſiſts of two | whereof the 
firſt is called the male or outfide ſcrew, being a cy- 
linder cut in, in ſuch ſort as to have a prominent part 
going round it in a ſpiral manner, which promi- 
nent part is commonly called the thread of the 
(crew z the othet part which is called the female or 
inſide ſcrew, and by common worknien the nut, is 
a ſolid body that contains an hollow cylinder, whoſe 


concave ſurface. is cut in the ſame manner as the 


convex ſurface of the male ſcrew, fo that the pro- 
minent parts of the one may fit the cavities of the 
other, The chief deſigy of this machine is to 
preſs the parts of badies cloſely together, and in 
ſome caſes to break and divide them; when it 


Js made uſe of one part is commonly fixed, whilſt 


the other is turned round, and in each revolution 
the moveable part is carried in the direction of the 


vis of the cylinder thro? a ſpace equal in length to 
J the interval between two contiguous threads, where- 
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by the parts of the body whereon the preſſure in 

We are forced to move towards one another thro) 

g ſpace equal to that interval; which interval there. 

fore does expreſs the velocity where with the ſeveral 

parts of the body give way to the preſſure, whilſt 

the circular periphery, which is deſcribed by the 

power hereby the moveable part of the ſcrew + 

turned round, expreſſes the velocity of the power 

for the moveable part of the ſcrew is uſually 

turned by means of an handle or handſpike. 

to ſome part of which the power is applied, and by 

moving round with that part deſcribes the circum- 

ference of a circle; if therefore the moving power 

| be to the reſiſtance of the body which is prefled, a 

| the diſtance between two contiguous threads of the 

ſcrew to the circular periphery deſcribed by the 

power, there will be a balance; and if the power 

be ever ſo little increaſed beyond that proportion it 

| muſt overcome the reſiſtance, and move the ſcrew; 

| and thus it would conſtantly be, provided there ws 

| no reſiſtance from the attrition of the parts of the 

ſcrew one againſt another; but as that is very con- 

ſiderable there is an addition of power requiſite v q 

overcome it, over: and above what is neceſſary to w 

overcome the reſiſtance of the body whereon the m 

preſſure is made: for which W ſuch exper i th 

| ments as are made to ſhew the force of the ſcrew, Mt 1h 

| _ muſt” vary more from the theory, than thoſe which i fo 

| have been made concerning the other 'mechanick WW ne 

powers, wherein the attrition is far leſs conſider: iſ o 

ble; however it will appear from the following it 

experiment, that ſmall powers are ſufficient by the im 

help of the ſcrew to overcome great refiſtances nl th 

the bodies which are prefſed. ' © an 

Exp. 12. Let a wheel whoſe diameter is four inches be in 

| 23 fixed at its center to the head of a male ſcrew in ani aft 
horizontal poſition, ' and let the end of a rope, 
| which is wound about the groove of the wheel, 
paſs over a 5 in ſuch a manner as that having 
a weight ht 


. 
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2 weight faſtened to it, it may be drawn in a line, Lec T. 
that is a tangent to the wheel, by which means the VII. 
intire gravity of the weight will be imployed in Www 


turning the wheel; to one end of a lever, ſupported 
by a prop at the middle, let a weight of ſeven pounds 
be hung, and let the bottom of the male ſcrew reſt 
on the other end of the lever; and let the diſtance. + 
between the threads of the ſcrew be equal to one 
fifth of an inch, and a weight of three ounces and 
230 grains being hung to the end of the rope, 
which: paſſes over the pulley, will juſt turn the wheel, 
and thereby thruſt down the ſcrew, and with it the 
end of the lever whereon it reſts, and by ſo doing 
niſe- up the weight at the other end. | 

In this caſe the power which moves the ſcrew is 
tothe weight raiſed whereby the reſiſtance that is made 
to the preſſure is meaſured, as one to 24 nearly 
whereas it ought not to exceed the proportion of one 
to 63; for the diameter of the wheel being four 
inches, the circumference is twelve and an half near- 
ly, but 12.5 is to 25, which is the interval between 
the threads of the ſcrew, as 62+ to one; conſe- 
quently, if the power which turns the ſcrew be to the 
weight that is to be raiſed in the inverſe ratio of thoſe 
numbers, that is, as one to 624, it ought to balance 
the weight, and if it be increaſed. ever ſo little it 
ſhould overpower and raiſe the weight : ſince there- 
fore the force that is requiſite to turn the wheel is 
nearly three times as great as what is neceſſary to 
overeome the reſiſtance of the weight to be raiſed, 
it is evident, that almoſt two thirds of that forte is 
imployed in overcoming the reſiſtance ariſing from 
the attrition of the parts of the ſcrew one againſt 
another; what the nature of this reſiſtance is, and 
_ proportion it varies, ſhall be: ſhewn he 
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LECTURE VII. 


Or Comuround ENGIiNEs. 


LExcrT. HE mechanick powers, which for the moſt 

VIII. are made uſe of ſeparately, may in ma-. 

ny caſes be combined together, and engines thereby IM 

formed of ſuch efficacy, as that by the help thereof 

exceeding great _— may be raifed by very fmall 

powers. In all ſuch compounded machines the 

proportion, which the moving power bears to the 

weight when .they balance each other, is - com- 

unded of the ſeveral ratios which thoſe power: 

have to the weight which balance it in each ſimple 

machine, whereof the compounded engine conſiſts, 

Thus when a machine is compoſed of an axle in the 

wheel and a pulley, by faſtening the drawing rope 

of the one to the axle of the other; the power 

which balances the weight in ſuch a machine muſt 

be to the weight, in a ratio compounded of the ratio 

which that power has to the weight which balances 

it by means of the axle in the wheel alone, and of the 

ratio which that power has to the weight, which 

balances the weight by means of the pulley alone. 

Exp. 1. For inftance, if the nature of the pulley be ſuch, 

as that a power equal to one tenth part of the 

weight balances it; and if the axle in the wheel be 

ſuch, as that a power equal to one fifth part of the 

weight can ſupport it; the power, which balances 

the weight in the compounded: machine, will be to 

the weight in a ratio compounded of one to ten, and 

of one to five, that is, it will be to the weight as 

one to fifty; for, ſince: the weight is in effec 

faſtened to the axle of the wheel by means of the 

rope which goes round the pulleys, it is evident that 

the axle will be drawn by a force nn 
f 3 W 
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which when applied to the drawing rope of theLzcT. 
pulley is — to ſuſtain the weight by means of VIII. 
the pulley, which force is by ſuppoſition equal to 
one tenth part of the weight; but that force at the 
axle is balanced by a ff part thereof . to 
the wheel; conſequently, the power requiſite to ba- 

oft lance the weight in this machine, is equal to one fifth 

na- ¶ of one tenth part of the weight, that is, the power 

by Wl is to the weight, as one to fifty. So that one ounce 

cot at the wheel will ſupport fifty ounces at the pulley. 

nal If a machine be compoſed of the lever, the axle, Exp. 2. 

the and the perpetual ſcrew ; the lever being thirteen 

the inches long, and fixed at its center to an axle, where- 

m. on is a perpetual ſcrew, the tooth whereof adapts it 

vers ſelf to the teeth of the wheel of an axle, the teeth 

ple WY of that wheel being twenty-four in number, and 

ts. the diameter of the axle belonging to that wheel 

the WW equal to ſix tenths of an iffeh; in ſuch a machine 

ope the power being applied to one end of the lever, and 

wer BY the weight to the axle of the toothed wheel, the 

ul WW former will balance the latter, if it be in propor- 

tion thereto, as one to 520 ; for if the lever, to 

ices BF which the power is applied, be moved round in the 

the W fame time with the axle of the toothed wheel 

ich whereunto the weight is faſtened, the power would 

nc. WW be to the weight, as the diameter of the axle to the 

ch, length of the lever, that is, as fix tenths of an inch 

the mor thirteen inches, or in whole numbers, as fix to 

| be an hundred and thirty; but as there are 24 teeth 

the in the wheel of that axle which ſuſtains the weight, 

ces and as the endleſs ſcrew moves but one of thoſe 

eto teeth in each revolution of the lever, the lever 

and muſt go round 24 times in order to turn the axle, 

which ſuſtains the weight, once 3 upon which ac- 

fect count the power muſt be to the weight, as one to 

the W 24, which ratio of one to 24 being combined with 

hat the former of fix to 130, gives a ratio of fix to 

3120, or of one to 520; ſo that an ounce weight 

ucl Þ being made to act with all its gravity at one end of 
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LE ex. the lever in order to turn it round, which may be 
VIII. done by fixing a wheel to the lever, will balance a 
yy 2 of 520 ounces at the axle of the toothed 
1 | 
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Exp. 3. If to the laſt machine one moveable pulley be 


added, it will conſtitute a machine of double the 
force ; for the ratio of the power to the weight in 
the foregoing machine, being as one to 520, and in 
a fingle moveable pulley, as one to two; the ratis 
compounded of both will be as one to 1040; fo 
that in this machine an ounce will balance 86 
unds 8 ounces ; and if the ſtrength of a man's 
hand be ſuch, as that it can without the aſſiſtance 
of an engine ſupport an hundred pounds, it. will by 
the help of this machine ſuſtam 104000 pounds, 
In all that has been hitherto ſaid concerning the 
mechanick powers, the moving force and the 
weight or reſiſtance hade been ſuppoſed to act in 
direct oppoſition to one another. I ſhall now con- 
ſider the effects of powers acting obliquely, and 
ſhew in what caſes they balance each other. 
And firſt, if three powers acting in oblique di. 
rections, be to one another, as the reſpective fides of 
a triangle formed by the concourſe of three lines 
drawn parallel to the directions of the powers; 
thoſe. powers will balance one another. For in- 
ſtance, if three powers drawing the point A in the 
directions AB, AC, and AE, be to one another, as 
the ſides of the triangle ADE, or ADC, made by 
the concourſe of the lines AD, AE and ED ; or 
'AD, CD and AC, which lines are parallel to the 
directions of the powers; they will balance one an- 
other, and the point A will remain unmoved. 
For if the line AD be ſuppoſed to denate a power 
equal to that which acts in the direction AB, but 
contrary thereto; the power denoted by AD will 
draw the point A as forcibly towards D, as it is 
drawn by the oppoſite power towards B; conſe- 
quently, there will be a balance hetween the two 
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© powers; but the power dendted by AD may be re- Lzcr.. 
8 b lved into two powers denoted by AE or CD, VIII. 
d and AC or ED; which two powers acting toge- 

ther upon the point A in their proper directions 
AE and AC, will draw it as ſtrongly towards D, as 
e it is drawn by the fingle power denoted by AD; as 
nis evident from what has been faid concerning the 
n WW reſolution and compoſition of motions and forces; 
!0 8 conſequently, two powers which are as AE or CD, 
lo and ED or AC, acting in the directions AE and 
| AC, will balance the third power which is as AD 
acting in the direction AB; that is, two powers, 
1 hich are as the two fides of a triangle, auß in 
) WE directions parallel to thoſe fides will balance a third 
power, which is as the third fide, and which acts 
em a direction parallel thereto ; and what has been 
ic BY thus proved in particular of two of the powers with 
in Wl regard to the third, is in like manner demonſtrable 
aof any two of the powers with reſpe& to the bther; 
conſequently, any three powers which are to one 
mother reſpectively as the fides of a triangle, and 
i which act in directions parallel to thoſe fides, will 
of deſtroy each the other's effect, and remain in equili- 
io. To confirm this by an experiment; let the pi. 4. 
3 WW fides of a triangle ABC drawn on an horizontal Fig. 2. 
n. plane, be as two, three, and four; and let CE be Exp. 5. 
ne parallel to the fide AB, and the fide AC continu- 
*» ed towards D. Let three ſmall chords be joined 
) I together at C, and ftretched over three pulleys in 
NW fuch a manner, as that one of them may cover the 
e Ine CD, another the line CE, and the third the 
n. line CB; this being done, if a weight of four ounces 

be hung to the chord which paſſes over CD, and 
er one of three ounces to that which covers CB, and 
ut one of two ounces to that which covers CE, there 

1!] be a balance; the weights, which in this caſe 

are the moving forces, being to one another as the 
e. fides'of the triangle to which the directions of the 
'v | weights ate parallel. ks 
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LIT. If the weight A hangs freely from one end of a 
VIII. balance, fo as to have its line of direction DA per- 


| AA pendicular to the arm of the balance; and-if an- 


Fig 4- other weight as B, be hung at the other end E, in 
Exp. wy ſuch a manner, as that its line of direction EC by 


paſſing over a pulley at C may be oblique to the 
of the balance, the weight B muſt be to the 
weight A when it counter balances it, as EC to 
CE that is, as radius to the fine of the angle 
CEF made by the oblique direction of B with 
the arm of the balance; for if the whole force of 
gravity in the weight B acting in the direction EC, 
be denoted by the line EC, it may be reſolved 
into two forces denoted by EF and FC, acting in 
the directions of thoſe lines, of which two forces, 
the latter only, which acts in the direction FC per- 
pendicular to the arm of the balance, withſtands the 
rce of gravity in the weight A, the other force 
which ucts in the direction EF being intirely employ- 
ed in preſſing the balance againſt the axis of its 
motion; ſince therefore, that part of the weight 
B, which acts in oppoſition to the weight A, is to 
the whole weight B, as FC to EC, it is manifeſt, 
that in order to make the weight B balance the 
weight A, it muſt exceed the weight A in the ſame 
proportion that the line EC exceeds the line FC; 
and thus it is found to be from experiments; for if 
the pulley be ſo ordered as that EC may be to FG as 
three to two, then a weight of three ounces ap- 
pended at E will balance one of two ounces append- 
ed at D. | = 3.22! > 
 ASacoOROLLARY it follows, that the perpendi- 
cular diſtances of the lines of dire&ion from the 
center of motion, are to one another inverſly as the 
weights; for, if from G the center of motion be 
let fall GH perpendicular to EC, that line will be 
the perpendicular diſtance of the direction EC from 
G; and EG, equal to DG, is the perpendicular 
diſtance of the direction DA; but the _ E 
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EEC and EHG are ſimilar, becauſe their angles Lx er. 
at E are _— and they have each a right angle; VIII. 


conſequently, - as EC 's to CF, ſo is EG to HG; WYW 
but the weight B is to the weight A, as EC to FC, 
that is, as EG or DG to HG; fo that wherever two 
powers, which act in oblique directions, are to one 
another in the inverſe ratid of the perpendicular or 
ſhorteſt diſtances of their lines of direction from the 
center of motion, they muſt balance one another; 


whence it follows, that if two weights, as A and B, Pl. 4. 
be ſuſpended from two points, as D and E, in the Fig. 5. 


plane of a wheel placed in a vertical poſition ; and 
if the line DE, which is drawn thro? the two points 
of ſuſpenſion, paſſes thro*- C the center of motion, 
the weights will balance, provided they be to one 
another inverſly as the diſtances of their points of 
ſuſpenſion from the center of motion, that is, if A 
be to B, as CE to CD; for fince the weights han 
freely, their lines of direction DA and FB 

be perpendicular to the horizon, and of conſequence, 
paralle] to each other ; wherefore, if the line HCF 
be drawn thro' the center of motion perpendicular 
to the two lines DA and FB, the triangles DHC 
and ECF will be ſimilar, conſequently, DC will 
be to EC, as HC to FC; but by ſuppoſition, the 
weight A is to the weight B, as CE to CD; that 
s, as CF to CH; fo that the weights are to one 
another inverſly as the dicular diſtances of 
their lines of direction from the center of motion; 
conſequently, they muſt balance; and tho' the 
wheel ſhould be turned upon its axis, and the di- 
ſtances of the lines DA and EB from C be thereby 
altered, yet will the ſimilarity of the forementioned 
triangles continue, and of conſequence, the balance 
between the weights will be preſerved ; as will ap- 
pear from thè following experiment. Let a w 
of one ounce be ſuſpended from the point D, and 
another of two ounces — the point E; DC be- 
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Lc r. ing to EC, as two to one, that is, inverſly as the q 
VIII. weights, there will a be balance, and the wheel will: 
3 continue at reſt. And if by the force of the hand il * 
it be turned about its axis either to the right fron © 
I towards K; or to the left towards M, the balance Ml © 
will ſtill continue, and the wheel will remain un. by 
moved when the hand quits it, whatever be it ;: 
| poſition. | | . 

Pl. 4. If the points of ſuſpenſion D and E be ſo po 
Fig. 6. fited, as that the right line DE, which joins them; 
does not paſs thro C the center of motion; let that of 
line be divided any where, as in G, by another line, 
as IL, paſſing thro' the center C, and there will be L. 
a balance, if the appending weights be to one ano in 
ther inverſly as the parts of the line DE, that is, i Il 
A be to B as EG to DG, provided the poſition of Mz. 

the wheel be ſuch, as that the line IL may be per.. 
pendicular to the horizon; for finte the lines 2 
GC, and DH are parallel, FC is to HC as EG to 
DG; but by ſuppoſition, as EG is to DG, fo s 
A to B; wherefore A is to B, as FC to HC, tha 
is, the weights are inverſly as the perpendicular di- 
ſtances of their lines of direction from the center of 
motion, conſequently, their moments are equal ; but 
if, by turning the wheel about its axis, the line IL 
be put out of its perpendicular pofition,' the ba 
lance will be deſtroyed ; becauſe, in that caſe, one 
of the lines of direction will approach · nearer to 
the center of motion, whilſt the other recedes x 
and of courſe their perpendicular diftances will not by 
continue in the inverſe ratio of the weights; for if T 
the wheel be moved upon its axis from I towards K, Nit 
{q as to have the line SCR perpendicular to the plane th: 
of the horizon ; the line of direction DA will ap- 
proach towards the center, ſo as to become DP, and 
its perpendicular diſtance from the cEnter of moti- 
on will be N, - whilſt the other line of direction 
tecedes as far as EQ, andaits perpendicular pony 
I 1 hae? i | om 
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for the line 
a balance z and upon moving it out of that poſition 
the balance will be deſtroyed. | 

If the crooked lever FCD be fo placed on its pl. 4. 
prop at C, decades Toad may be parallel 
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from C becomes equal to OC; for which reaſon L x 
the weight B muſt preponderate, and move the VIII. 
wheel about its axis in the direction IKL. And. 


23 the wheel continues to move in that direction, the 
direction of the weight A will approach nearer and 
nearer to the center of motion, and at length paſs 
beyond it, ſo as to be on the ſame ſide with the 
direction of the weight B; ſo that the wheel will 
then be moved by the joint force of both weights, 
and continue ſo to be, till ſuch time as, the direc- 
ton of the weight B getting on the other ſide 
of C, B begins to act in oppoſition to A, and at 
length the point I being brought into * of 
L. the weights do again balance each other, the 
ine DE being divided by the perpendicular line 
IL in the reciprocal ratio of the weights. To con- 


me DE in the plane of a wheel, be divided in G 
dy the line IL in ſuch a manner, as that DG may 
be double of EG; then ſetting the line IL per- 
pendicular, let a weight of one ounce be hung from 
D, and another of two ounces from' E, and the 
wheel will remain unmoved ; let then the wheel be 

med a little upon its axis, either to the right hand 
dr to the left; in the former caſe, the two ounce 
weight will prevail, and carry the wheel downward 
d the right hand, but in the latter the ſmaller 
weight will preponderate, and make the wheel to 
volve towards the left. 


If the line DE be divided in another point as T, Exp. g. 


by the line SR, fo as that DT may be one third of 
T; and if a weight of three ounces be ſuſpended 


at D, and another of one ounce at E, the ſame 


hings will happen as in the former experiment; 
SR being placed vertical there will be 


the 


firm what has been ſaid by an experiment, let the Exp. 8. 
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Lect. the plane of the horizon, and the arm CD inclined 


» + 


VII thereto; if two weights, as B and A, appended a i; 


b and F, be in the reciprocal: proportion of the 


rpendicular diſtances of their lines of direction 
that is, if B be to A as FC to EC 
there will be a balance; for as long as the arm CF 
continues parallel to the horizon, the weight B hang. 
ing from the point D acts in the ſame manner, in 
oppoſition to the weight A, as if it hung from E, 
the extremity of the ſtraight lever FC continued o 
to E, in which caſe the weight B that balances the Hr 
weight A, muſt bear the ſame proportion to it that. 
FC does to EC; if therefore the arm DC be. bent 
in ſuch a manner, as that EC may be one half « 
one third of FC, in the former caſe; a weight d 
two ounces, and in the latter one of three ounces 
hanging from D, will be counterpoiſed by one ounce 
hanging from F. | | 

It by moving the lever the arm FC be put out 
of its lel poſition, the balance will be —ð4. 
ed; for that cannot be preſerved, unleſs the dif 
ance of B's direction from the prop continues 1 
bear the ſame proportion to the diſtance of A'*s dm 
rection, that EC does to FC; which in this caſes 
impoſſible; for firſt, if the point F be moved upMlji 
ward towards H, and of courſe the point D down feſt 
ward towards G, it is manifeſt, that the diſtancg rn 
of both directions will be leſſened; but the decreat 
of EC in a given time will bear a greater propo ron 
tion to the decreaſe of FC, than EC does to FC. 
for by that time the point D has moved from D to 
G, thro' the arch DG, which meaſures the angle 
CD's inclination, EC will vaniſh z whereas FL 
cannot vaniſh till ſuch time as the point F has move: 


from F to M, thro? the quadrantal arch FM ; but Me + 
the ſame time that the point D moves from D too 
G, thro? the arch DG, the point F can move olllqua 
from F to H, thro the arch FH, ſimilar to DG eig 


which arch being always leſs than the quadrant, 
perpendicul 


Or: OBLIQUE POWERS. 


ſoon is EC; conſequently, the decreaſe of EC in a 
given time muſt bear a greater proportion to the de- 
reaſe of FC, than EC does to FC: wherefore EC 
as diminiſhed in any given time, will be to FC as 
diminiſhed in the ſame time, in a leſs proportion 
han that of EC to FC; or in other words, the 
perpendicular diſtance of B's direction from the 
drop will bear a leſs proportion to the ndicu- 
11 of A's 22 than EC 1 FC; 
nd therefore the weight A will preponderate. If 
he point F be moved downward, and conſequent- 
D upwatd, it is manifeſt from the inſpection of 
he figure, that the diſtance of A's direction from 
he prop continually diminiſhes, at the ſame time 
hat the diſtance of B's direction increaſes; and 
hetefore the weight B muſt in that caſe over- ba- 
ance the weight A. 


um DC, be laid thereon at D, and by a vertical 
lane, as HK, ſet cloſe to it, be hindered from 
ling off; from the point D whereon the weight 
eſts, let the line DE be drawn perpendicular to the 
m FC, continued on towards G the weight at D 
All be balanced by the weight A hanging freely 
vm F, provided the weight D be to the weight 

L, in a ratio compounded of EC to CD and of 
D UC to CD; that is, as a rectangle under EC and 
C the perpendicular diſtances of the directions of 
he two weights from the prop, 'to the ſquare of 
J the inclined arm of the lever. For whatever 
de the moment wherewith the weight A preſſes 
on the arm FC, the arm DC muſt with an 
dual moment be prefſed upward, and with it the 
0 eight D in the direction DG N — 
F in re are 


ed 
at 
he 
on 
6 
oF 
Ws 
in 
E 
on 
the 
hat 
ent 
0 
t of 
bes 
nee 
out 
05 
uſt 
; to 
Witt 
ſe l 
ups 
Wh 
ncss 
eat 
r 
C 


» 4 


perpendicular diſtance of A's direction from the Lzcr. 
prop, to wit FC, will not vaniſh upon the arrival VII. 
of the point F at H, that is, it will not vaniſh ſo 


< . 2 d 
DA „ „„ 


| 
| 


If FCD be a crooked lever, placed as the laſt, pl. 4. 
ind if a weight, inſtead of being hung from the Fig. 8. 
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VIII, pendicularly againſt HK the vertical plane, it mul 
pe preſſed backward by the ſame in an horizontgl 


in the directions DG, GE, and, ED; in order 


Exp. 10. 


Exp. 11. 


Or OBLIQUE POWERS. 
CD; and foraſmuch as the ſame weight preſſes per. 


direction; and at the ſame time it muſt have a ten- 
dency downward from the force of gravity in the di. 
rection ED; ſo that it is ated upon by three force 


therefore to a balance, the forces muſt be as the 
ſides of the triangle DGE; and the force of gravy 
ty which preſſes it in the direction ED, muſt be to 
the force preſſing it in the direction DG, as ED ty 
DG, or, becauſe the triangles DGE and CDE ar 
ſimilar, as EC to CD; but as the force which pre{ 
ſes it in the direction DG is af equal moment with 
the weight A, that force muſt be to the weight 4, 
as FC to CD; conſequently, the force of gravity 
in the weight D muſt be to the force of gravity i 
the weight A, that is, the weight D muſt be to the 
weight A, in a ratio compounded of EC to CT), 
and of CF to CD, or as the rectangle under Cl 
and CF to the ſquare of CD. To confirm this by 
experiment, let a crooked lever, as FCD, conſil 
of equal arms, and let it be bent in ſuch a mannet 
as that EC may be to CD, as one to two; and E 
a weight of one ounce be laid on at D, and and: 
ther of two ounces be hung from F, and they u 
balance each other; for in this caſe the product ue 
EC which is as one, into CF which is as two, will 
be two; and CD being as two, the ſquare thereof 
will be four; ſo that the rectangle under EC and 
CF, is to the ſquare of CD as two to four, or a 
one to two; in which proportion therefore the bs 
lancing weights muſt he. # 1} 
All things remaining as in the laſt experimen 
excepting that the arm CF is as long again as CD 
ſo that EC, CD, and CF, are as one, two, ande , 
four; a weight of one ounce at D will be balance fo 
by one ounce hanging freely from F; for CD be b 
2 | ung tc 
liſt: 


2 AAWO 110} | 


Yr. 

ut Ei as two, its fquare is four; and the product of Le c r. 
ee, which is as one into FC, which is as four, is VIII. 
0» Wikewiſe four. | | 

d. In wheels turned by the force of water falling Exp. 12. 
ns pon them from an Vein and which on that ac- 

ler Wont are commonly called overſhot wheels, the 

te noving power is partly the percuſſive force of the 

Vr ater which falls into the uppermoſt bucket, and 

v Wartly the gravity of the water contained in the o- 

u ter buckets, which are lodged on the rim of the 

ut Wippermioft quarter of the deſcending part of the 

ef Feel; and the effects which theſe forces have up- 

n the wheel are greater or leſs in proportion to their 
late quantities, and the diſtances of their lines 

e direction from the center of the wheel. Thus, 

1 


th enter, K, L, M, N, four buckets fixed on the u per- Fig 9 
Don quarter of the deſcending part of the wheel; 


IB the direction of the water flowing into the up- 
dermoſt bucket K, CB, the perpendicular diſtance 
ff that line from the center C; DE, FG, and HI, 


meine lines of direction of the centers of gravity of 
e ſeveral portions of water contained in the buc- 
ns L, M, N; CE, CG, and CI, the perpen- 


cular diftances of thoſe lines from the center C. 
The force of the water flowing into K is propor- 
tonal to the quantity flowing in in a given time, as 
lo to the velocity wherewith it flows, and the di- 
ance of its line of direction from the center; and 
herefore, where the quantity and velocity are given 
de force will be as BG. the perpendicular diſtance of 
B the line of direction, from C the center of mo- 
on; conſequently, the nearer AB approaches to 
e tangent in the point A, or the more obliquel 
ue water flows in upon the wheel, the greater wi 
$ force be. The portions of water contained in 
er buckets L., M, N, have different forces accord- 
to their different quantities, and the different 
Wtances of their lines of direction from the cen- 
13 ter 


chere ATOP repreſents an overſhot wheel, C its Pl. 4. 
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VIII. 


Or OBLIQUE, PO WE RS. 
ter C, their quantities being greateſt, when the diſt: 
ances of their directions are leaſt, for the thuckets 


empty as they deſcend 3 fo that their force leſſens x 


they deſcend, by reaſon of the diminution of thei 
quantities, but at the ſame time it likewiſe increaſe, 
on account of the increaſe of the diſtance: of their 
lines of direction from the center of motion; 0 
that upon the whole, the force in each bucket may 
be looked upon as invariable ; but whether this be 
ſo or not, certain it is, that if the wheel be truh 
centered, and the buckets be equal and alike, and 
if the water flows in uniformly, the whole movi 

force muſt continue the fame as long as the wh 

continues to move; and ſince it acts inceſſanth, 


lerated, and that uniformly; and thus it would 


Pl. 4. 
Fig. 10. 


be, were it not that when the wheel arrives at a cer 
tain degree of velocity, the refiſtance which is g. 
ven becomes ſo great as to deſtroy the increment 
of motion as falt as they are generated by tht 
moving force; by which means the wheel is mad: 
to revolve with one uniform velocity, which is th 
greateſt that can be given it by that moving 

power. 0 
A plane as AB placed obliquely to BC, whid 
repreſents an horizontal plane, is called an incline 
plane; the angle ABC is called the angle of elev: 
tion, and its complement BAC the angle of incl 
nation, the line AC perpendicular to BC is calle 
the height of the plane, and AB its length. If 
weight as P be laid on an inclined plane, as AB, au 
be thereon ſuſtained by a power acting in a direction 
:s PF „ parallel to the inclined plane; in order to 
balance, the ſuſtaining power muſt be the weight 
as the height of the plane to the length thereof, th 
is, as AC to AB, or, putting BA for the radi 
as the ſine of the angle of elevation to radius; f 
the weight P is ated upon by three powers in di 
ferent directions, the firſt of which is the force 
att Foe exldc pus | garn 


' 
] 
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| 
t 
t 
| 
{ 
| 
1 
the motion of the wheel muſt be continually acc. 
a 
0 
y 
f 
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high prof it downed 3 in the direction Lz Cr. 
75 to BC; the ſecond is the power VIII. 
F Ne 


nnn BA, which does as it were 

preſs: it u direction PH, lar 

. a the weight P preſſes the plane in a 
den derade — - it is reacted upon 

the plane in a contrary direction. If therefore 


clay PEG wil ep 1onal to the three 
the weight on 
—— aud which ce in the direction 
PE, will be to the abſolute . of the body act- 

in the direction PD parallel to GE, as PG to 
of but inaſmuch as the triangles PEG and CBA 
dale, 7 is to GE, ar 2 AB; 
conſequen yy & power nece to tupport a 
weight on an inclined plane muſt bear the fame p ro- 
portion: to the weight ſuſtained, that the heig he of 
the plane does to its length; which is ad by 


dee ne EG be dra wn parallel to PD, the fides of 
the 
pow 
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experiments z for if a weight of four ounces be laid Exp. 13. 


on a plane, whoſe length f is to its perpendicular 
height as two to one, it will be counterbalanced by 
a weight of two ounces, provided the whole gravity 
thereof be made to act in drawing the other weight 
in a direction parallel to the inclined plane, which 
may be done by faſtening one end of a cord to the 
greater, weight, and then ſtretching the cord alon 
the plane, ſo as to keep it parallel thereto, an 
it over a pulley at the top of the plane; for 
the ſmaller weight being tied to the end of the cord 
which lyes beyond the pulley will hang freely, and 
for that reaſon act with all its gravity in a direction 
parallel to the plane. 


The ſame weight of four ounces being laid on an Exp. 14: 


inclined plane, whoſe length is to its height as four 
to one, will be ſuſtained by a weight of one ounce 


Banging n as before. 
14 The 
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LzcT. The force wherewith a body · feſting on an in- 
VIII. clined plane preſſes the ſame, is to the weight of the 
Wo body, as the fine of the angle of inclination to ra- 


„. 


Fig 


dius ; for in the triangle PEG, PE denotes the 
force where with the body preſſes the plane, and GE 
the weight of the body; but from the ſimilarity of 


the triangles, as PE is to GE, ſo is BC to BA; and 


putting BA for the radius, BC is the fine of BAC the 
angle of inclination ; wherefore as BC the: ſine- of 
the inclination is to the radius AB, ſo is the force 
wherewith the body preſſes the plane to the abſolute 
weight of the body. Hence, if upon an inclined lever 
as AB, reſting on the two props A and B, a weight be 
laid any where as at P, it will be eaſy to determine 
what proportion of the weight each prop bears; 
for drawing the horizontal line AE equal in length 
to AB, and from the point P whereon the weight 
reſts, letting fall PD perpendicular to AE, if AE 


be ſuppoſed to denote the whole weight of the body 


AD will denote that part of it which is ſuſtained 
by the uppermoſt prop, and DE that part which 
is ſupported by the lower; for if the lever was ho- 
rizontal, ſo as that the body might preſs it with all 
its gravity, the whole weight of the body would be 
to that part of it which preſſes the prop B, as BA to 
PA, as is evident from what has been ſaid concern-1 
ing the ſecond kind of lever; but as in the inclined, 
poſition of the lever the whole weight of the body 
does not preſs upon it, that part of the weight 
which the prop B ſuſtains in the horizontal poſition, 
muſt be to the part ſuſtained in the inclined poſition, 
in the ſame proportion with the abſolute weight of 
the body to the force wherewith it preſſes the in- 
clined plane, that is, as PA to AD ; for -putting 
PA for the radius, AD is the fine of the inclination 
of the lever; conſequently the whole weight of 
the body muſt he to that part which preſſes on the 


prop B in the inclined poſition of the lever, in a 7atr0 


- compounded 


0 r (FRICTION. : 
compounded” of BA to PA, and of PA to AD, 
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e Chat is, it muſt be as BA to AD, or becauſe AB 
„Ind AE are equal, as AE to AD; and of conſe- 
e Nguence the part ſupported by the other prop A muſt 

E. We us DEE. PAW 2207! 
Hence it follows, that if two perſons carry a 
d Joad fixed upon a lever, the load being placed be- 
e Mtween them, which is the caſe of chairmen, upon 
of Meeſcents the foremoſt man will bear the teſt 


ns follows, that in coaches, and all other four- 


@ — ©. > 


ſmaller than thoſe behind, the load muſt be thrown 
more upon the former than the latter; what effect 


— 
c 


is has upon the draught, ſhall be ſhewn in my next 
h Lecture. Sup 02.7 
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requiſite to ſuſtain a body on an inclined plane. 


ed, Mit does not ſtand in need of any force to ſupport it; 


ly Wor as the direction of gravity is 1 to 
e 


ht Ithe plane of the horizon, the whole weight of the 


n, body muſt be ſuſtained by the horizontal plane 
n, rhereon it reſts: whence it follows, that if any 
of power endeavours to move a body reſting on an ho- 
n- Irzontal plane in a direction parallel to the plane, it 


Ng vill meet with no re ſiſtance from the weight of the 


on body, that being intirely taken off by the reaction of 
of the plane whereon the body preſſes; but a reſiſtance 


he will ariſe from the attrition of the body againſt 


1% the plane; for the ſurfaces of all bodies whatever, 


ed eren ſuch as arg of the fineſt poliſh, being in ſome 
meaſure 


burthen,” and upon aſcents the hindermoſt. It like- | 
heel carriages, which have the foremoſt wheels 


be 5 my laſt lecture I ſhewed you what force is LE Or. 


IX. 
nt a body be laid on a plane parallel to the horizon, 
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LI r. meaſure rough and unequal, (as is evident from the 
IX. obſervations that have been made hy the help of mi. 
A croſcopes) when à body is moved upon à plant 
. the prominent parts both of the body and plane 
muſt of neceſſity fall into each other's cavities, and 
thereby create a reſiſtance to the motion of the bo 
dy, inaſmuch as the body cannot be moved unleſ 
the prominent parts thereof be continually . raiſe! 
above the prominent parts of the ſurface whereonit 
ſlides; and this cannot be done unleſs the whole bo. 
| dy be at the ſame time lifted up, and as it wen 
| raiſed on an inclined plane, equal in height to th 
forementiqned-protuberant parts; upon which at. 
count the moving power muſt ſuſtain ſome part « 
the weight of the body, even in moving it along a 
horizontal plane. But as this is occaſioned by the 
inequalities in the ſurface, if thoſe were intirely tz. 
ken off, ſo as to leave the ſurface perfectly ſmooth 
and even, the reſiſtance ariſing from friction would 
likewiſe be removed; and ſetting aſide the refif: 
ance of the medium, the ſmalleſt force would b 
ſufficient to move the moſt ponderous body alot 
an horizontal plane. But ſince there are not in m. 
ture any bodies, whoſe ſurfaces are perfectly equal; 
there will ever be ſome reſiſtance ariſing from tri& 
on; which reſiſtance will remain unvaried, what 
ever be the magnitude of the ſurfaces that rub ort 
againſt the other, provided the weight which pre 
ſes thoſe; ſurfaces together, as alſo the roughnels 0 
the ſurfaces continue the ſame ; for the ſame weight 
will ever require the ſame force to raiſe it over pro- cr: 
minencies of a given height, whatever be the mag fat 
nitude of the ſurface whereon the weight reſts fa 
conſequently, the quantity of reſiſtance will not d rit 
'varied by varying the magnitude of the ſurface fre 
which may be confirmed by the following expem m 
Exp. 1. ment. Let four pieces of poliſhed box be laid onfl an 
A poliſhed horizontal plane, and let each piece d of 
ſo loaded as that its own weight, together with tha w! 
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of its load. may be 6685 grains, and let the baſis af Lt C T, 
one be two inches long, and half an inch broad, IX. 
and thoſe of the other three, be each four inches in — 
but let their breadths be half an inch, an 
and an inch and half, ſo that the magnitudes 
of the baſes may he as one, two, four, and fix ; 
let 4 —.— . —_— mo end of each 
and by paſſing over a pulley, be kept in a pofi- 
e 8 plane, — a we he of = 30 
grains hanging from the end of the bus, which lyes 
beyond © the 6-1 will juſt ſuffice to move each 
x the : that the reſiſtance atiſi 

0 fen is the * in each piece, notwithſtan 

ng the different magnitudes of the ſurfaces whereon 


if the roughneſs of the ſurfaces whereon the bo- Exp. 2. 
dies move be given, the reſiſtance ariſing from fric- 
tion will vary with the weights of the bodies, and 
be proportional thereto; for if a certain force be 
ſufficient to raiſe a certain weight over prominencies 
of a given height, it is manifeſt that a double or 
triple weight will require a double or triple force 
to raiſe it to the ſame height. If therefore the 
pieces of box be ſo loaded, as that each of them 
with its load may weigh 13370 grains, that is, as 
much again as in the laſt experiment, a weight of 
4060 grains, that is twice as much as before, will 
be —— to move them along the ſame plane. 

If the roughneſs of the ſurface whereon a body 
moves be increaſed, the reſiſtance will likewiſe in- 
creaſe tho* the weight of the body remains the 
lame; but as the degree of roughneſs in any ſur- 
face cannot otherwiſe be determined than by expe- 
riment, ſo neither can the reſiſtance ariſing there- 
from; if the plane made uſe of in the laſt experi- Exp 3. 
ments be thinly covered with fine ſand, the reſiſt- 
ance will thereby become greater in the proportion 
of about five to. four : for the ſame pieces of box 
which were ſet a going by 2030 grams when the 

3 plane 
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Le r. plane was free from fand, will in this caſe require 


1 Try 


IX. 2500 grains, that is about one fourth more. 


Co avoid as much as poſſible the reſiſtance ari: 
| ſing from friction, which in rough and uneven 
| roads muſt needs be very great, WHEEL CAR- 
RIAGES have been contrived; the adyantay 
whereof I ſhall endeavour to explain to you, but ! 
ſhall firſt ſhew you from what cauſe it is that wheels 
turn round during their progrefpve motion along 2 
plane. If a wheel as ACB 4 f freely on the 
axis at A, be lifted off the plane BD by a power 
applied to the axle, and be carried in any Aeon 
whatever, it will not revolye about the axle ; for 
fince in all wheels that are truly made the axle paſſes 
thro? the center of gravity, it is evident, that in 
this caſe the wheel is ſuſpended by its center of 
gravity, and of conſequence will not of it ſelf 
change its poſition, but each point thereof will de- 
ſcribe a line parallel to the direction of the moving 
power without any rotation about the axle, in the 
very. ſame manner as if the wheel was fixed to the 
axle; but if one point of the wheel as B reſts upon 
the plane BD, and if a power applied to the axle 
draws the wheel in any direction as AP, ſo as to 
move it along the plane BD; the motion of the 
int B will be retarded by the reſiſtance, arifin 
rom friction, whilſt the point C which meets wit 
no reſiſtance is carried forward without any retar- 
dation of its motion, and conſequently muſt move 
forward faſter than the point B; but as all the parts 
of the wheel cohere, the point C cannot move for- 
ward faſter than the point B, unleſs the wheel re- I h. 
volves about its axis from C towards E; and as the ch 
ſeveral points of the wheel's circumference which | 
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are ſucceſſively applied to the plane, ſuffer a retar- wh 
dation in their motion whilſt the oppoſite points 2 
move freely, the wheel during its progreſſive moti- Key 


on along the plane muſt continue to revolve about 
By 
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By this rotation of wheels about their axles, the L zer. 

reſiſtance ariſing from friction is very much dimi- 1 
niſhed, and draughts thereby rendered more eaſy; for. 
in plain roads, where the height of the prominent 

xrts is inconſiderable with reſpect to the diameter 
of the wheel; the parts of the revolving wheel 
which apply themſelves ſucceſſively to the road, 
may be looked upon in ſome meaſure as deſcendin 
upon the minute prominencies, and of courſe . 
pals. over them without any conſiderable friction. 
And ſo much is the reſiſtance ariſing from friction 
diminiſhed in wheel carriages, that if upon the ſame g,, 4. 
plane. whereon the pieces of box were drawn, a car- 
rage be laid with four equal wheels, each three 
quarters of an inch in diameter, and loaded in ſuch 
à manner, as that the weight of the carriage and 
load may amount to 6685 grains, which was the 

ight of each piece of box with its load, it will 

be ſet. a going by a weight of 420 grains drawing 
it horizontally, whereas 2030 grains were requiſite 
to move the pieces of box along the ſame plane. 

From this experiment it appears, that the fricti- 
on is very much leſſened by means of wheels; which 
diminution is not to * attributed to the wheel's 
touching the plane in a few points, as may poſſibl 
be 8 Yar to the as of the ur Aro 2 
if the wheels of a carriage loaded as before be made 
faſt to the axle, fo as not to revolve in their motion pg, 5. 
2030 grains will be neceſſary to ſet the carriage a 
going, that is juſt as much as was requiſite to move 
the pieces of box. 

As wheel carriages in general meet with leſs re- 
ſiſtance in their motion than any other, ſo thoſe of 
larger wheels, ceteris paribus, are leſs reſiſted than 
thoſe of ſmaller ; for the proof whereof, it will be 
neceſſary to premiſe two LEMMAS; the firſt of 
which is, that the ſecants of angles are to one another 
uoer fly as the fines of their complements, that is AD, pf 4 
which is the ſecant of BAD, is to AC, which is the Fig. 13. 
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Lor. ſecant of BAC, as AF, which is the fine of the ron. 
IX. plement of BAC, to AH, which is the Jane of the con- 
WV plement of BAD. For from the nature of ſimilat 
triangles AD is to AC, as AE to AK, that is, az 
AE to AG; but AE is to AG, as AF to AH: 

conſequently, AD is to AC, as AF to AH. 
The ſecond LEMMA is, that if two arcbes of un. 
al circles have their verſed ſines equal, the arch of 
the leſſer circle is greater in proportion to the whole pe. 
riphery, than the arch of the greater circle; or in 
other words, the angle meaſured by the arch ef thi 
E leſſer circle, is greater than the angle meaſured by the 
ig Pl.1. arch of the greater circle, Let HF and DB be two 
f Fig: 14. arches of unequal circles, whoſe verſed fines FG 
and BC are equal; I ſay, the angle HEF is greater 
than the angle BAD; for ſince EF is leſs than AB, 
and GF and CB are equal, EF is to GF in a les 
JN than AB to CB; conſequently,” EG is 
to EF in a leſs proportion than AC to AB, that s 
the fine of the angle GHE, is leſs than the fine of 
the angle CDA, and of courſe the angle GHE » 
leſs than the angle CDA; conſequently, the angle 
HEG, which is the complement or the leſſer angle 
GHE, 1s greater than the angle DAC, which is the 

complement of the greater angle CDA. 

pl. 4. Theſe two L EMM AS being premiſed, let HM 
Fig 15. repreſent a plane whereon move the two wheels 
ABH and KLR, which are of different magni- 
tudes, but equal in weight, and let BC and be 
two obſtacles of equal heights, and of ſuch, a na- 
ture as that the wheels cannot otherwiſe paſs than 
by ſurmounting thoſe obſtacles; the force requiſite 
to draw the larger wheel over the obſtacle BC, is les 
than what is requiſite to draw the leſſer wheel over 
the obſtacle LM equal in height to the former; for 
ſince the wheels revolve in paſſing over the points B 
and L, their centers of gravity A and K may be 
| looked upon as revolving about the fixed points B 
and L, and deſcribing the arches AF and KP; 


conſequently, | 
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onſequently, the forces which move the wheels Lect, 
may be looked upon as drawing them upon inclined IX. 
dlanes, Whoſe directions coincide with the direction N 


of the curves in the points A and K, that is, they 
oincide with the tangents AE and KO; which 
angents being parallel to the tangents of the wheels 


in the points B and L, that is to ſay, to DB and 
NL; the centers of gravity of the two wheels, and 


onſequently the wheels themſelves, may be looked 
upon as drawn up the inclined planes DB and NL; 
but fince the wheels are ſuppoſed to be equal in 
eight, the forces which ſupport them on the in- 
lined planes DB and NL, the height whereof is 
gen, muſt be to one another inverſly as the 
kngths of the planes; that is, the force which ſup- 
ports the larger wheel on the plane DB, muſt be to 
the force ſupporting the ſmaller wheel on the plane 
NL, as NL. to DB; that is, putting BC or LM 
for the radius, as the ſecant of the angle NLM to 
the ſecant of the angle DBC ; or, becauſe KS and 
IM, as alſo AI and BC are parallel, as the 
ſecant of the angle KSL to the ſecant of the 
angle AIB; but, from the nature of fimilar 
trangles, the angle KSL is equal to the angle 
KLQ, as is alſo the angle AIB to the angle ABG; 
and therefore the force which ſuſtains the greater 
wheel on the inclined plane DB, is to the force ſuſ- 
taining the leſſer wheel on the inclined plane NL, 
$the ſecant of the angle KLQ to the ſecant of the 
angle ABG; but, by the firſt Lemma the ſecant 
of KLQ is to the ſecant of ABG, as the fine of 
BAG to the fine of LKQ ; and, by the ſecond 
Lemma, the fine of BAG is leſs than the fine of 
LKQ ; conſequently, the force which raiſes the 
greater wheel over the obſtacle BC, is leſs than the 
torce which raiſes the leſſer wheel over the obſtacle 
LM equal in height to the former ; but the forces 
requiſite to make the wheels ſurmount the obſtacles 
ue the meaſures of the reſiſtances, and therefore, 

ceteris 
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Lzcr. ceteris paribus, the greater wheel muſt meet with 
IN. lefs reſiſtance from the ſame obſtacle than the ſmal. 
kr. To confirm this by an experiment; let an ob 
Exp. 6. ſtacle one tenth of an inch in height be fixed on a 
horizontal plane, and cloſe behind it let there he 
placed the carriage with four equal wheels, each 
three quarters of an inch in diameter, and if it be 
loaded in ſuch a manner as that the weight of the 
carriage and load may amount to 6685 grains, 
will not be raiſed above the obſtacle by leſs thul#; 
2850 grains drawing it in a direction parallel to the 
plane ; whereas if four wheels, each an inch and 
an half in diameter, be fitted to the ſame carriage, 
the weight of the whole being the ſame as befor, 
it will be raiſed above the obſtacle by 2050 grai 
that is, by 800 grains leſs than were requiſite t 
raiſe it with the ſmaller wheels. 

From this experiment it appears, that the refif: 
ance which larger wheels met with in ſurmountig 
obſtacles, is leſs than the reſiſtance given to ſmaller 
wheels by the ſame obſtacles ; and from what hu 
been demonſtrated it is evident, that the reſiſtana 
given to the greater wheel is to the reſiſtance give 
to the ſmaller, as the fine of an angle meaſured by 
an arch of the greater wheel, to the fine of u 
angle meaſured by an arch of the ſmaller wheel 
the verſed fine of each angle being equal to thei 68 
height of the obſtacle; fo that putting R and r u 
the radi of the two wheels, and x for the verſed ſie " 
or the height of the obſtacle, it follows from the" 


4 2 Rx—xx * 
nature of the circle, that as is Of... 
v 21X—XX\ | R hee 
— „ ſo is the reſiſtance given to the large If 

4 . Wore: 


wheel to the reſiſtance given to the ſmaller, or d hee] 
Rx  2r—X age C 

to 3 but as tiS.. 
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viding by xz, as 
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ith 

ma proportion of theſe ſines is not fixed, but varies with Lz cT. 
ob he height of the obſtacle, ſo likewiſe mult the pro- 

ag ortion, which the reſiſtance given to the greater Wy 
* befiheel bears to the reſiſtance given to the ſmaller ; 

add all that can be determined in this caſe is, that 


* 
27 


ger wheels ever meet with leſs reſiſtance in ſur- 
ounting obſtacles than ſmaller; and that the diſ- 
proportion between the reſiſtances ſuffered by each 
wheel, increaſes with the height of the obſtacle. 
ndeed where the obſtacle vaniſhes, which is the 
aſe when wheels move upon planes, the expreſſions 
or the reſiſtances, and conſequently the reſiſtances 
I I 


mſelves, are as WF; and Z— that is, the re- 


SZ 3% EEE ..6 


ſtances are inverſly as the ſquare roots of the ſe- 


hi-WW idiameters of the wheels; ſo that where the heights 
{BS the wheels are as one and two, the forces requi- 
late to draw them along the ſame horizontal plane, 


e as fourtzen and ten, that is, inverſly as the 
quare roots of one and two, which is confirmed 
experiments; for whereas the carriage whoſe 
heels are three quarters of an inch in diameter, 
equired 420 grains to move it along the horizontal 
lane, the weight of the carriage and load being 
685 grains; the carriage whoſe wheels are 13 
ch in diameter, when loaded in the ſame manner, 
ill be ſet a going by 300 grains; but 420 is to 
oo, as 14 to 10, that is the forces requiſite to 
nove the two carriages along the ſame plane, are 
N as the ſquare roots of the heights of the 
eels. 

If the nature of the obſtacle be ſuch, as to be 
re down by the preſſure of the wheel, the larger 
heel will in this reſpect likewiſe have the advan- 
age over the ſmaller, and depreſs the obſtacle with 


re ſuppoſed to be * weighty, let _ 


rater force. For let LK be continued to T, fo Pl. 4. 
at TL may be equal to AB; and ſince the wheels Fig. 15. 
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LET. TL. expreſs the abſolute forces of the two wheel 
IX. acting againſt the obſtacles in the directions AB and 
k]; it is evident from what has been ſaid concen 
ing the reſolution of forces, that the force denoted 
by AB may be refolved into two forces; one where 
of may be denoted by AG, and the other by 6 
whereof AG alone acts in depreſſing the obſtack 
BC, inaſmuch as it bears directly down upon it; 
whereas the other force denoted by GB, inaſmud 
as its direction is perpendicular to the obſtacle, my 
thruſt it forward, but can contribute nothing 1 
wards preſſing it downward from B towards ( 
In like manner the force denoted by TL, is :M 
ſolvable into two forces, which may be denotedh 
TV and VL, whereof TV alone acts in depreſſing 
the obſtacle LM; conſequently, the force where 
with the greater wheel depreſſes the obſtacle, ist 
the force wherewith it is depreſſed by the leſſer, 
AG to TV, or as the ſine of the angle ABG t 
the ſine of the angle TLV or KLQ ; but by th 
ſecond Lemma, the angle BAG, which is the con. 
pliment of GBA, is leſs than the angle LX 
the complement of KLQ ; conſequently, the ang 
ABG is greater than TLV, and AG the fine of th 
former greater than TV the fine of the latter; bu 
as AG is to TV, ſo is the depreſſing force oft 
greater wheel to the depreſſing force of the leſſer 
conſequently, the ſame obſtacle is more eaſily d 
preſſed by the larger wheel than the ſmaller, an 
of courſe muſt give leſs reſiſtance to the former thit 
to the latter, 
If the obſtacle be ſuch, as that it can neither . 
furmounted nor depreſſed, but muſt be driven to 
ward, then indeed the ſmaller wheel has the adva 
tage of the larger; for the forces of the wheels bein 
reſolved as before, the lines GB and VL will expre 
the forces which act in driving the obſtacle forward 
but it has been demonſtrated, that GB the fine ( 
the angle GAB, is leſs than VL the ſine of! 


ang 
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igle VT L equal to QK L; and therefore the Le r. 
orce where with the greater wheel propels the ob- IX. 
tacle, is leſs than the force wherewith the ſmaller ww 
heel propels the ſame; beſides, as the greater 

heel prefles the obſtacle directly downward with a 

reater force than the ſmaller, the reſiſtance made 

dy the ſame obſtacle to the propelling force of the 

ärger wheel, will be greater than what is made to 

he propelling force of the ſmaller ; ſo that where 

e obſtacle is to be propelled, the ſmaller wheel is 
referable to the larger; but as in drafts this is 

Farely if at all the caſe, the obſtacles which are 
ommonly met with in roads being ſuch as muſt 

ther be ſurmounted or depreſſed by the wheels, 

ch wheels are to be preferred as beſt ſerve both 

ole purpoſes, and thoſe I have ſhewn to be the 

Irger wheels; which likewiſe are attended with 

ther advantages beſides what have been already 


Mentioned; for firſt, it frequently happens in rough 
ad uneven roads, that two obſtacles are placed fo 
* ear each other, that before the wheel has quit- 


d one it meets with the other, and reſting upon 

ach, hangs between them; in which caſe the ſmal- 

r the wheel is, the lower it deſcends between the 
bſtacles, and thereby renders the draft more diffi- 

t; inaſmuch as it muſt be raiſed to a greater 
eight in order to paſs over the foremoſt obſtacle, 

han when the wheel is larger: For the illuſtration pi. g. 
which, let FE and HG repreſent two obſtacles Fig. t. 
laced at ſo ſmall a diſtance, that the wheel having 
urmounted the firſt but not quitted it, .may meet 

ith the ſecond, ſo as to hang between them; i: is 
nanifeſt, that as the arch FDH of the leſſer wheel, 

hich lies between the ot ſtacles, has a greater cu 
uure than FBH the arch of the greater wheel, 

hich lies between the ſ:me obſtacles, the point D 

nuſt deſcend lower than the point B; conſequently, 

Ne ſmaller wheel muſt be railed to a greater height 

an the larger, in order to paſs over the ſame ob- 

K 2 ſtacle; 
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Lzcr.ſtacle; and therefore a greater force will be neceſ 


IX. 
LH, quite to raiſe the larger; which is confirmed h 


Exp. 7. 


of ſuch a nature as to ſuffer the ſmaller wheel! 


reſiſtance in order to ſink to the ſame depth wk 
the ſmaller; but it cannot poſſibly overcome 


will make the draft leſs waubleſome, 
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ſary to pull up the ſmaller wheel, than what is n 


the following experiment. Let a carriage with fo 
wheels each an inch and a half diameter, and { 
loaded as that the weight of the carriage and loy 
may amount to 6685 grains, be ſo placed on th 
plane before made uſe of, as that the two foremol 
wheels may hang between two obſtacles, whoſe di 
tance is half an inch, and their height likewiſe h 
an inch, and a weight of 1150 grains drawing th 
carriage horizontally, will move the wheels tro 
between the obſtacles; whereas if four ſmall 
wheels be made uſe of each three quarters of an ind 
in diameter, a weight of 2700 grains will be requ 
ſite to draw them from between the obſtacles, 
As wheels cannot always run upon the nail, b 
muſt frequently meet with heavy roads, they v 
ſink down, and thereby render the draft more di 
ficult; but the larger the wheels are, the leſs cæin 
paribus will the depth be to which they ſink. k 
if ABC denotes the plane of the road, and if it! 


ſink down as far as E; it is manifeſt that the g 
vity of the wheel muſt overcome the reſiſtance i 
much of the earth whereon it preſſes, as is equal! 
the ſegment HED ; for it cannot otherwiſe (ink 
than by forcing ſuch a quantity of the earth out 
its place: and ſhould the larger wheel ſink to f 
ſame depth, the gravity thereof muſt overcome 
reſiſtance of as much earth as is equal to the ige 
ment AEC, that is, it muſt overcome a greuff. hee 


greater reſiſtance, becauſe it is ſuppoſed to have 
ſame gravity with the ſmaller ; conſequently, it 
not fink as deep as the ſmaller, and for that reak 
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ikewiſe in relation to the reſiſtance occaſioned by 
he friction of the box againſt the arm of the axle; 
ot that this reſiſtance is leſs in greater wheels than 
n ſmaller; for ſince it is not varied by varying the 
agnitude of the ſurface, as has been ſhewn, if the 
boxes and arms are truly fitted. and of an equal 
moothneſs, and the weights whereby the arms and 
boxes are preſſed together be equal, the quantity of 
eſiſtance will be given, whatever be the magnitude 
pf the wheels, as alſo of the arms of the axle 
hereon they play ; but where the arms of theaxles 
re of equal diameters, (which 1s commonly the 
aſe in one and the ſame carriage, tho? the wheels 
unequal) a leſs force is requiſite to overcome 
he given reſiſtance in a larger wheel than in a 
maller ; for in this caſe the ſemidiameter of the 
yheel may be looked upon as a lever, whoſe prop 
r fixed point is at the center of the arm, and the 
mpediment ariſing from the friction of the box 
gainſt the arm may be looked upon as a weight 
placed upon the lever at the diſtance of the arm's 
midiameter from the prop, whilſt the moving 
power is applied to the extremity of the wheels ſe- 
diameter: and therefore in order to a ballance, 
e power muſt be to the reſiſtance, as the ſemidia- 
eter of the arm to the ſemidiameter of the wheel. 
dince then the impediment is given, as alſo the diſ- 
nce thereof from the prop, it is evident, that the 
 (FÞ{rger the lever is, and conſequently, the larger the 
heel, the leſs is the force requiſite to overcome the 


\GH and DIK revolve, C the center of the arm, 
its ſemidiameter, DC the ſemidiameter of the 
maller wheel, and AC that of the larger ; in the 


K 3 bigger 


As large wheels have the advantage of ſmall ones L x c T. 
with regard to the reſiſtance ariſing from the ob- IX. 
ſtacles and impediments in the roads, ſo have they vw 


eſiſtance. Thus, if BEF repreſents the circumfe- Pl. 5. 
ence of the arm of an axle, whereon the wheels Fig. 2. 
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L = e 7, bigger wheel the length of the lever is AC, andi in Wen 
IX. the ſmaller DC; ſince therefore the ſame impedi. In. 
ent is in both levers placed at the fame diſtance no 
from the prop C, to wit at B, it will be ballanced Hue 

by a leſs N at A than at D; and the force at A {Watt 

is to the force at D, as DC to AC, that is, inverſly or! 

as the ſemidiameters of the wheels; ; for the force at WW 

A is as BC applied to AC, and the force at Dis 

the ſame BC applied to DC; that 1s, the force at 

A which ballances the reſiſtance at B, is to the force 

at D which ballances the ſame refiftance, as BC di. 

vided by AC, to BC divided by DC, that is, mul. 

/ tiplying croſſwiſe, and throwing out BC, as DC t 
| AC. Whence it follows, that when the ſemidia- 
meter of the arm is given, the more the wheel is en. Nd 

larged, the leſs will the force be that is requiſite u 
overcome the reſiſtance ariſing from the friction d 

the wheel againſt the arm; ſo that upon this accoum 

as well as the former, large wheels are to be pt. 

ferred to ſmall ones. t 11 

In order to leſſen the reſiſtance ariſing from the 

friction of the box againſt the arm of the art, 

there has been alate contrivance, whereb the axle No- 
contrary to what is uſual in moſt carriages, is made v 

to revolve, and its arms, inſtead of preſſing againſt hrt 

the boxes, are made to bear on the circumference 

of moveable wheels, which wheels from their us 

in diminiſhing the friction, are by the author of thi 
contrivance called friction wheels. Now that ſuch 

wheels, where they can be made uſe of, do take of 

much of the reſiſtance occaſioned by friction, willWain 

Exp. 8. appear from the following experiments; from the 


m_ axle of the machine called the axle in the wheel, inWect: 
3 | which. the diameter of the wheel is to the diamet "pre 
| of the axle, as nine to one, let a weight of 23103 5, 
| grains be hung, and a weight of 2770 grains hang rem 
M 


ing at the circumference of he wheel, will turn the 


m echine, provided the axle turns on the circumfe 
rence ame 
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ently, the reſiſtance occaſioned by friction in the 
atter caſe, is more than four-fold what it is in the 
ormer ; for ſince the diameter of the wheel is nine 
imes as great as that of the axle, a weight of 2574 
rains at the wheel is requiſite to ballance the weight 
f 23163 at the axle, which ballancing weight 


370 grains, leaves 196 grains for overcoming the 
eſiſtance in one caſe, and 796 in the other; but 
96 is to 196, as four and a little more to one. 
Again, let a ſmall cart with friction wheels be ſo 
aded, as that its own weight added to that of the 
dad, may amount to 20000 grains; anda weight 
f 54 grains drawing horizontally, will move it 


heels be taken off, 322 grains will be neceſſary to 
t it a going. If the cart be ſo loaded as that the 
eight of the whole may amount to 40000 grains, 
hen in each caſe, a double force will be requiſite to 
ove it, that is to ſay, 108 grains with the fricti- 
n wheels, and 644 without them; ſo that in this 
art the friction wheels take off five parts in ſix of 
e reſiſtance; for 54 is but a ſixth Part of 322, as 
likewiſe 108 of 644. And from theſe experiments 
does again appear, that under like circumſtances 
e reſiſtance ariſing from friction, is proportional 
the weight, whereby the ſurfaces which rub one 
gainſt the other are preſſed together. 

Seeing then that great wheels have in ſo many re- 
ects the advantage over ſmall ones, it will not be 
proper in this place to ſhew you, on what account 
is, that the wheels of common carrs, as alſo the 
Iremoſt wheels of coaches, chariots, and moſt 
her four-wheel carriages, are commonly made ſo 
Fall as ſeldom to exeeed two feet and an half in 
Wimeter; and the firſt reaſon of this contrivance 
K 4 18 


ences of two movable wheels; whereas, if it turns Lr. 
n the pevets it will be neceſſary to add 600 grains IX. 
ore, ſo as to make the whole 3370 grains; conſe· Vr 


xing deducted from 2770, and likewiſe from 


long a ſmooth level table, whereas, if the friction 


+ ws 
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LES r. is for the convenience of turning; for as in moſt If 
IX. roads, but more eſpecially ſuch as are narrow, there i x 
WY MW arc windings of ſuch a nature as to allow buta ſmall IMF |: 
ſpace for carriages to turn in, it is neceſfary to make t 
uſe of ſuch wheels as can turn in the narroweſt com- t 
paſs, and ſuch are ſmall ones; for it is a thing well Vn 
known to carters, and all others who are uſed to Ml x 
drive wheel carriages, that the larger the wheels are, Nit 
the greater compaſs do they require in order to turn {WB 
with cale and ſafety; and ſhould they at any time b 
attempt to turn carriages with large wheels as ſhort Ml of 
as thoſe which have ſmaller, the wheels will drag, Wl k 
and thereby render the draft very difficult, and Wi te 
ſometimes endanger the overſctting of the ca- 
riage. | W 
But the ſecond, and indeed the principal reaſon Nc 
for the uſe of ſmall wheels is, that upon aſcents, and Wh dr 
in paſſing over obſtacles in rough and hilly roads, v 
as little of the horſe's force may be loſt as poſſible; WM v 
if roads were level and ſmooth without riſings or im-: in; 
pedi ments, the moſt convenient ſize for wheels, («t- WM pa 
ting aſide the neceſſity of turning, would be where ¶ de 
the axle is upon a level with the breaſt of the horſe: Wan 
for ſince the whole force of the horſe in drawing 1s 
applied to that part of the tackle which liesuponthe 
breaſt, and to which the traces are joined and fince 
the traces are faſtened to the carriage in ſuch a man- 
ner, as that being continued they muſt paſs thro 
the axle of the foremoſt wheels, it is manifeſt, that 
if that axle be of an equal height with the cheſt d 
the horſe, the traces, in whoſe plane the line of d. 
rection lies, will be parallel to the road whereonthe 
carriage is drawn; conſequently, the whole force of 


the horſe will be employed in drawing the carriage rec 
directly forward, without any loſs or diminution ¶ nea 
whereas if the wheels be of ſuch a ſize as that tl ma 
height of the axle is either greater or leſs than that equ 
of the horſe's cheſt, the whole force of the hort for: 
will not be employed in the direct draft: but inthFine 
5 . form, 


Or WHEEL CARRIAGES. 


preſſing the carriage directly downward, and in the 
the proof and illuſtration whereof, let the firſt of 


may be of an equal height with the horſe's breaſt 
at B; and let the ſecond wheel be fo large as that 
is axle A may ſtand higher than the horſe's cheſt at 
B, and 1n the third, let the axle be lower than the 
breaſt of the horſe; and in each wheel let the lines 
of direction of the horſe's draft, to wit AB be ta- 
ken equal, and let each of thoſe lines expreſs the 
force of the horſe ; it is manifeſt, that in the firſt 
wheel, the whole force denoted by AB, is imployed 
vithout any loſs in drawing the wheel forward, be- 
cauſe the line of direction AB, wherein the force 
draws, is parallel to EF, the road whereon the 
wheel moves; whereas, in the ſecond and third 
wheels the lines AB, wherein the forces draw, be- 
ng inclined to EF, whereon the wheels move, ſome 
part of each force muſt be loſt : for if each force 
denoted by AB be reſolved into two, to wit CB 
and AC, whereof CB is parallel to EF, and AC 
perpendicular thereto ; it 1s evident, that that force 
alone which is denoted by CB, acts in moving the 
wheel forward along EF, whilſt the force denoted 
by AC does in the ſecond wheel preſs it directly 
downward againſt the road, and in the third, lifts 
it directly upward ; whence it follows, that if the 
force of a horſe be juſt ſufficient to move the firſt 
wheel, it will not ſuffice to ſtir the ſecond or 
third, It likewiſe follows, that if the wheel be fo 
lar inlarged, as thqʒ the angle which the line of di- 
rection AB makes with the plane EF, approaches 
Learly to a right one, the line CB will bear a very 
[mall proportion to AB, whilſt AC becomes nearly 
equal thereto ; ſo that almoſt the whole of the 
horſe's force will be ſpent in preſſing down, and 
increby increaſing the load; whence it —_ 
that 


former caſe, ſome part of the force will be ſpent in LE r. 
latter, in lifting the ſame directly upward. For = 


the three wheels be of ſuch a ſize, as that its axle A El 
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L c r. that notwithſtanding the ſeveral advantages ariſing 


2 


from the largeneſs of wheels, yet may they be ſo 


far increaſed, as even 15 account of their magni- 


Pl. 5. 


Fig. Ge 


tude to render the draft impoſſible. By the uſe of 
ſmall wheels whoſe axles lie below the level of the 
horſe's cheſt, proviſion has been made againſt the 
inconvenience laſt mentioned, and the loſs of force 
(which by reaſon of the roughneſs and inequalities 
of roads cannot wholly be avoided) has been ren- 
dered as little as poſſible, and made to obtain chiet- 
ly in level ſmooth roads, where there 1s leaſt occa- 
ſion for the whole force; whereas upon aſcents, and 
in paſſing over obſtacles in rough roads, where the 
ſtreſs is greateſf, there little of the force is 40; for 
the proof of which, let the wheel be of ſuch a ſize, 
that its axle A may be below the horſe's breaſt at B, 
and let AB, as before, denote the force of the horſe; 
if the wheel bedrawn along a ſmooth level road as 
EF, CB will expreſs that part of the force which 
draws the wheel along the road, and AC that part 
of the force which is imployed in lifting up the 
wheel, which part is loſt as to the draft, but how- 
ever, is not intirely uſeleſs ; becauſe, by pulling the 
wheel directly upward, it caſes the load, and there- 
by renders the draft leſs difficult; tho? at the ſame 
time the draft is by no means as eaſy as it would be, 
if the force of the horſe was applied at &, ſo as to 
draw in the direction AG parallel to EF. If the 
wheel inſtead of moving along a ſmooth road, be 
to paſs over the obſtacle DH, or which is the ſame 
thing, if it be to be drawn up the aſcent EHL; 
and if the force of the horſe be applied at G, fo as 
that the direction of the draft may be parallel 
to EF, and conſequently, inclifed to EH; it 15 
manifeſt upon reſolving the force AG into two 
forces, to wit AK and KG, whereof AK is pa- 
rallel, and KG perpendicular to EHL ; that force 
alone which is expreſſed by AK, acts in drawing the 
wheel up EHL 3 whereas the force pre 


” WU9 YU 0D WTF Py 5 re 


Or WHEEL CARRIAGES. 147 


KG act ih preſſing the wheel directly againſt EH L, LRS r. 
and thereby adds to the weight of the wheel; ſo IX. 
that in this caſe, ſome part of the horſe's force i? 
loſt, and the load at the ſame time increaſed, both 
which inconveniences are avoided where the breaſt 
of the horſe is ſo far elevated above the axle of the 
wheel, as that the line of direction AB may be pa- 
rallel to EH; for then no part of the horſe's 
force will be loſt, but the whole will be imployed 
in drawing the wheel directly over the obſtacle, or 
up the aſcent; fo that a leſs force will be requiſite 
to draw the wheel over the obftacle DH in the di- 
rection AB, than in the direction AG; and this is 
fully confirmed by experiments. For whereas the Exp. 9. 
little carriage with four wheels, each three quarters 
of an inch in diameter, being ſo loaded as that the 
weight of the carriage and load amounted to 6685 
grains, was not drawn over the little obſtacle one 
tenth of an inch in height, by leſs than'2 $50 grains 
acting in an horizontal direction, it will be drawn 
over by 2450 grains provider the direction be made 
parallel to the tangents of the wheel in thoſe points 
which touch the obſtacle; and 1950 grains will be 
ſufficient to draw the carriage with the larger wheels 
over the ſame obſtacle, if the direction of the 
draft be made paralle] to the forementioned tan- 
gents, whereas 2050 grains were neceſſary when 
the direction was parallel to the horizontal plane. 
And if the direction be ſtill farther removed from 
the ap of the tangents, which may be done 
by depreſſing it below the horizontal plane, the 
force of 2350 grains will be but juſt ſufficient 
to ſurmount the obſtacle, and draw the carriage 
over, 
Tho' in four wheel carriages, the contrivance of 
ſmall wheels before has its advantages, yet is it not 
intirely free from inconveniences ; for by this means 
the load muſt. of neceſſity be thrown forward, and 

1 a greater 


* 
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a greater ſtreſs laid on the foremoſt wheels; where. 
by the reſiſtance that ariſes from the friction of the 
axle againſt the wheels will become greater in the 
foremoſt than in the hindmoſt wheels, in proportion 
to the greater weight which they ſuſtain. Beſides, 
as,the ſpaces deſcribed by wheels in each revolution 
are nearly equal to the peripheries of the wheels, it 
is manifeſt that the foremoſt wheels muſt revolve 
oftener than the hindermoſt, in order to rid the ſame 
ground. And this frequency of turning requiſite 


| 

| 

in the foremoſt wheels joined to the greater ſtreſs Ml * 
upon them from the load, as alſo to the greater Ml * 
reſiſtance which they meet with from obſtacles in 
the road, is the true reaſon why they are more fre-! 
quently out of order, and ſtand in need of repair WM * 
much oftner than thoſe behind. . 
N 
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MoT1o0Nn or Bopits Down INCLINED 
PLANES. 


LEer. Y defign in this lecture is to explain the 
X. chief properties of the PxNDuLuUM : and 
Los jn order thereto, I ſhall lay down the following 
PRoPosIT1ONS concerning the motion of bodies 

down inclined planes and curve ſurfaces, 


Pl. 5. PRop. -I. The force wherewith a body deſcends up- 
Fig. 6. on an inclined plane, as AC, is to the abſolute force 
of gravity wherewith the ſame body falls freely and 
perpendicularly, as the height of the plane to the length | 
thereof, that is, as AB to AC. | by 


For it has been proved, that the force requiſite fre 
to ſuſtain a body upon an inclined plane, is to the 


abſolute weight of the body, as the height of | " | 
| plan 


Cs 


"(Ce 


ite 
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plane to its length; but the force wherewith a body Le c T. 

endeavours to deſcend upon an inclined plane, X. 

muſt be equal to the force which is neceſſary to.. 

ſupport it upon that plane; conſequently the pro- 
ſition 1s true, 

Coror. I. Hence it follows, that the motion of 
a body deſcending on an inclined plane, is uniform- 
ly accelerated; for ſince the force which carries a 
body down an inclined plane, has every where, 
and in all parts of the plane the ſame proportion 
to the abſolute weight of the body, and ſince the 
abſolute weight remains unvaried, the other force 
muſt do fo too; conſequently, as it acts inceſſantly 
in equal times, it makes equal impreſſions on the 
deſcending body, ſo as to generate equal degrees of 
velocity in the motion thereof; that 1s, in other 
words, the motion of a body deſcending on an in- 
clined plane is uniformly accelerated. 

Coror, II. On account of this uniform acce- 
eration of the motion, the times of deſcending, as 
alſo the velocities acquired at the end of the deſcent, 
are as the ſquare roots of the ſpaces deſcribed, as in 
the caſe of bodies falling freely ; that is to ſay, the 
time wherein a body deſcends upon the inclined 
plane from A to D, 1s to the time of the deſcent 
from A to C, as the ſquare root of AD, to the 
ſquare root of AC; and the velocity of the body 
when it has deſcended as far as D, is to the velocity 
thereof when it arrives at C in the ſame proportion 


of the root of AD to the root of AC. 


Prop. II. The velocity acquired in any given time 
by a body deſcending on an inclined plane, is to the 
velocity acquired in the ſame time by a body falling 
freely and perpendicularly, as the height of the plane 
to its length, that is, as AB to AC. 


For, by the firſt corollary of the foregoing propo- 
fition, the motion of a body down an inclined plane 
is 
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L x c T. is uniformly accelerated, in the ſame manner as the 


motion of a body falling freely; conſequently, at 


Ln the end of any given time, the velocities acquired 


muſt be as the accelerating forces; but by the fore. 
going propoſition, the accelerating force of a body 
moving down an inclined plane as AC, is to the 
accelerating force of a body falling freely and per- 

endicularly, as, the height of the plane to its 
Lach z and therefore the velocities acquired in any 
given time muſt be in the ſame proportion, 


Prop. III. The ſpaces deſcribed in a given time 
by two bodies moving from a ſtate of reſt, whereof on: 
deſcends on an inclined plane, and the other falls freely, 
are in the ſame ratio of the height of the plane to its 
length ;, that is, the ſpace deſcribed by a body moving 
along AC, is to the Jace deſcribed by a body falling 
down the perpendicular. AB, a AB 7 AC. 


For where the motions are equable, the ſpaces de- 
ſcribed in a given time, are as the velocities where- 
with they are deſcribed ; if therefore the velocities 
be increaſed in a conſtant uniform manner, the ſpaces 
deſcribed will likewiſe increaſe in the ſame manner; 
but by the ſecond propaſition, the velocities are aug- 
mented in ſuch a manner as in a given time to bear 
the ſame proportion to one another, as the height 
of the plane - to its length; conſequently, the 
ſpaces deſcribed in a given time muſt be in that 
proportion, 

Coror. I. If from B, the line BD be drawn 
perpendicular to AC, AD vill be the ſpace deſcribed 
by a body moving down the plane AC, in the 


ſame time that a body falls freely down the height 
of the plane from A to B. | 
For, from the nature of ſimilar triangles, AC 
is to AB, as AB to AD; but by the propo/tion, as 
AC is to AB, ſo is the ſpace deſcribed in a given 
time by a body falling rod; to the ſpace deſcribe 
p J 
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by a body deſcending upon the inclined plane AC; LE C T. 


conſequently, ſince AB is the ſpace deſcribed by the 


body falling freely, AD mult be the ſpace deſcribed — 


in the ſame time by a body deſcending along AC. 
Cool. II. All the chords of a circle are de- 

ſcribed in the ſame time by bodics running down 

them. For if a circle be deſcribed with the diame- 


ter AB, which is the height of the inclined plane pl. 5. 
AC, the point D, which determines the ſpace AD Fig. 7. 


thro! which a body deſcends upon the inclined 
plane, whilſt another falls freely from A to B, will 
be in the periphery of the circle, becauſe the angle 
ADB in the ſemicircle is always a right one; and 
for the ſame reaſon, if the height of the plane 
continuing the fame, the inclination thereof be va- 
ried, ſo as that it may become AG, the point E 
which determines the ſpace AE, thro* which a 
body moves along the — AG, during the time 
of a body's fall from A to B, will likewiſe be in 
the periphery of the circle; conſequently, in the 
kmicircle ADB all the chords as AD and AE will 
be deſcribed in the ſame time; and as in the ſemi- 
circle AFB, whatever chords as BF and BH are 
drawn thro* the point B, other chords as AD and 
AE may be drawn in the other ſemicircle parallel 
thereto and equal; it follows, that whether a 
body falls freely down the diameter AB, or whe- 
ther it deſcends along a chord as HB or FB, it will 
in the ſame time arrive at the loweſt point of the 
circle; or in other words, all the chords of a circle 
will be deſcribed in equal times by bodies running 
along them. 5 


Prop, IV. The time wherein a body moves down pl e. 
an inclined plane as AC, is to the lime wherein a bo- Fig. 6. 


dy falls freely down AB the beight of the plane, as 
the length of the plane to its height, that is, the times 
are as the ſpaces deſcribed. 


For 


3 


X. 
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time of a body's motion along the inclined plane Ia 


from A to C, is to the time of its motion from An 


Pl. 5. 
Fig. 6. fall, by a body falling down the perpendicular beigb 


| AC to AB, or as the length of the plane to it 


5 
Fig. 7. 


acquired at the end of the deſcent by a body moving 


to D, as the ſquare root of AC to the ſquare root Mt} 
of AD; but by the ſecond Corol. of the third Pro d 
the time of a body's motion along the inclined Hat 
plane from A to D, is equal to the time of then 
fall from A to B; and therefore the time of theo. 
motion along the plane from A to C, is to then 
time of the perpendicular fall from A to B, as the 
ſquare root of AC, to the ſquare root of AD; tha b 
is, becauſe from the ſimilarity of triangles AC, 
AB, and AD are in continued proportion, 


height. ; | 

. Coror. Hence it follows, that if ſeveral in 
clined planes have equal altitudes, the times her 
in thoſe planes are deſcribed by bodies running 
down them, are to one another as the lengths d 
the planes. 

For the time of the deſcent along AC, is to the 
time of the fall down AB, as AC to AB, and the 
time of the fall down AB, is to the time of th: 
deſcent along AG, as AB to AG;. conſequently, 


the time of the deſcent from A to C, is to the A. 
time of the deſcent from A to G, as AC Mo 
AG, that is, the times are as the lengths of thin 
planes. equ 


Prov. V. The velocity acquired at the end of 1 
of an inclined plane as AB, is equal to the veloi!) 
down the inclined plane, from A to C. 

For by the firſt Prop. the accelerating forte of 
body falling freely from A to B, is to theaccelery F 


ting force of a body moving along the plane A thro 
as AC to AB; and by the fourth Prop, as AB ICB 
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the AC, ſo is the time of the fall from A to B, Lr. 
melo the time of the deſcent from A to C; fo X. 
A dat the forces which accelerate the bodies during WWW 
vor their motions, are to one another, reciptocally as bo: 
00Mthe times that they continue to act; conſequently, 


ed Mat the end of thoſe times, the velocities generated 
the muſt be equal. For inſtance, if AB be one half 
theof AC, the force which accelerates the body in its 
the all from A to B, is to the force which accelerates 
the we body in its deſcent from A to C, as two to one; 
hat but the time that a body takes to fall from A toB, 
s but one half of the time that a body takes to de- 


ſcend from A to C; ſo that the accelerating force 
which acts upon the body during its motion from 
Ato C, tho' it be but one half of the accelerating 
force which acts upon the body during its fall from 
A to B, yet does it continue to act twice as long; 
and therefore muſt in the end produce the ſame ve- 
locity. 

Co ol. Hence it follows, that the velocities 
acquired by bodies in falling down inclined planes, 
are equal where the heights of the planes are equal. 

For, the velocity acquired in falling from A to pl. 5. 
C, is equal to the velocity acquired in falling from Fig. 7- 
A to B, as is alſo the velocity acquired in falling 
i from A to G; conſequently, the velocities acquired 

Wn falling from A to C, and from A to G, ire 
equal. . 


PRO P. VI. Va body deſcends along ſeveral con- pl. g. 
tipuous planes as AB, BC, and CD, the velocity Fig. 8. 
Which it acquires in its deſcent from A to D, is equal 

to the velocity acquired by the perpendicular fall from 

H to D, on ſuppofition that the body is not retarded by 

the ſhocks it ſuffers in the angles B and C. 


of | 
cry For drawing the horizontal lines HE and DF 
- thro* the points A and D, and producing the planes 


CB and DC as far as G and E; by the Corol. of the 
L laſt 


* 
Fig. 9. 


F . 


„ 
Lo r. laſt Propy/ition, the ſame velocity is acquired in the 
X. point B, by a body in deſcending from A t 
5, as in deſcending from G to B; conſequent: 


other curve, the velocity acquired at the end of th 


fall down the planes ABD, will be to the time of i 
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ly, the ſame velocity is acquired in the poin 
C, by a body deſcending from A thro? Bo 
C, as in deſcending from G to C; but by the a 
Corollary, the velocity acquired in deſcending fro 
G to C, is equal to the velocity acquired in dt 
ſcending from E to C; wherefore, the velocity i 
the point D acquired by the deſcent along the th 
planes AB, BC, and CD, is equal to the veloci 
acquired by the deſcent from E to D; which veloc 
ty by the foregoing Propoſition, is equal to the v 
_ acquired by the perpendicular fall from Hy 


Conor. Hence it follows, that if a body d 
ſcends along the arch of a circle as AB, or of a 


deſcent, is equal to the velocity acquired by fallin 
down CB, the perpendicular height of the arch, 

For curves may be looked upon as compoſed: 
an infinite number of right lines inclined one t 
another. 


Prop. VII. If tuo planes as AB and BD join 
together at B, have equal degrees of elevation with tt 
other planes as EF and FH joined together at F, a 
if AB be ro EF as BD to FI ; the time of a bus 


fall down EFH, as the ſquare root of AB and Bl 
taken together, to the ſquare root of EF and F 
taken together. 


Let AB and EF be producedtill BC becomes equi cot 
to BD, and FG equal to FH. Since AB is to BY - P' 
as EF to FG, AB is to AC, as EF to EG; 1 2 
ſince thoſe four quantities AB, AC, EF and * 
are proportional, their ſquare roots will be ſo bf. a 
Again, ſince the planes AC and EG ave 2 mY 

| evat 


gel erated, r as parts of one LR Or. 
ad the ſame plane, and therefore, 
„„. of the firſt Prop. the time of a body 


50 
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from A to C, is to the time of the fall from 
toG, as the ſquare root of AC to the ſquare root 


EG, or as the ſquare root of AB to the ſquare 
ot of EF; but the time of a body's fall from A 
B, is to the time of the fall from E to F, as the 
ware root of AB to the ſquare root of EF; ſo 
at the time of the fall from A to C, is to the 
me of the fall from E to G, in the ſame proportion 


the time of the fall from A to B, to the time 
the fall from E to F; conſequently, the time of 
e fall from B to C, ſuppoſing the motion to begin 
mm A, muſt be to the time of the fall from F to 
, ſuppoſing the motion to begin from E, in the 
ne proportion of the root of AB to the root of EF; 
the bodies after their fall from A to B and from 
to F, inſtead of moving along BC and FG, con- 
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ue their motions along BD and FH, fince thoſe 


o planes are equally inclined to AB and EF, and 
ce BD is equal to BC, and FH equal to FG, 
atever proportion the time of the body's motion 
ng BD bears to the time of its motion along BC, 
: ſame will the time of the motion along FH 
ar to the time of the motion along FG; but it 


been already proved, that the time of the mo- 


along BC, is to the time of the motion along 
, as the ſquare root of AB to the ſquare root of 
; Wherefore, the time of the motion along BD, 
o the time along FH, as the ſquare root of AB to 
ſquare root of EF, that is, in the ſame proportion 
th the time along AB to the time along EF; and 
refore, the ſums of thoſe times will be in the 
he proportion; that is to ſay, the time of the 
on along AB, added to the time of the motion 
mg BD, is to the time of the motion along EF, 


ed to the time of the motion along FH, as the 


are root of AB to the ſquare root of EF ; but 
2 it 


„ere _ 
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Lc r. it has been proved, that the ſquare root of AB, 


X. 


and BD taken together, to the fquare root of H. 
and FH taken together; and therefore, the tin 
of a body's fall from A thro' B to D, is to the tin 
of the fall from E thro' F to H; as the ſquare ro 
of ABD to the ſquare root of EFH, Which 
to be proved. And what has been thus proved vi 


provided thoſe on one ſide be proportional to the 


milarly poſited with regard to the horizontal plu 
ED, the time of deſcribing AB, is to the time 
deſcribing CD, as the ſquare root of AB to! 
For all circles: whatever, may be conſidered 


ber of ſides indefinitely ſmall ; and therefore, {it 


as the angles which thoſe ſides contain are equa, 


MOTION or- BODIES, &c; 


to the ſquare root of EF, as the ſquare root of A; 


regard to two planes on each ſide, is in like mat 
demonſtrable with regard to any number of-plane 


on the other, and that the correſponding)! plan 
have equal degrees of elevation. 
Cool. Hence it follows, that if bodies deſce 
thro? the arches of circles, the times of deſcrib 
ſimilar arches ſimilarly poſited, are as the ſqu 
roots of the arches. For inſtance, if bodies mo 
down the ſimilar arches AB and CD, which are! 


ſquare root of CD. ; 
ſimilar polygons, conſiſting of an indefinite nu 


lar arches muſt conſiſt of an equal number of fe 
proportional the one to the other; and fora{muc 


the arches be ſimilarly poſited, the correſpond® 
ſides in each arch muſt have equal degrees of « 
vation; and conſequently, the times of deſcribi 
the arches will be as their ſquare roots. 

In my lecture upon gravity, I ſhewed you, thit 
a body be thrown directly upward, it will riſe to 
ſame height whence, if it fell from a ſtate of 
it would by the end of the fall acquire the ſame" 
locity wherewith it is thrown up; I likewiſe ſhes 
you, that the time of the riſe is equal to that of! 
fall. I now ſay, 7A 


| Or Tf PENDULUM) 157 
„ Pa or. VIII. That the ſame things do litecbiſe ob- LE CT. 
Ai with regard to bodies thrown up obliguely, whe- X. 

H they aſcend upon inclined planes or along the art 


? 
I , * 


Becauſe the ſame forces which accelerate the mo- 
ns of bodies deſcending on ſuch planes or curves, 
in the very ſame manner retard the motions of 
ch bodies as aſcend thereon; and therefore, what- 
yer be the time requiſite for a body to deſcend 
pon an inelined plane or thro? the arc of a curve, 
order to acquire any velocity, the ſame muſt the 
me be, wherein that velocity is deſtroyed in a bo- 
raſcending upon the ſame plane or curve; and 
ute ver be the length of the plane or curve, thro? 
hich a body deſcends-in order to acquire any velo- 
the ſame muſt the length of the plane or curve 
throꝰ which it muſt aſcend in order to have that 
city deſtroyed. - POTTY 101 
Cor oL. Hence it follows, that if by any con- 
ance a body be made to deſcend thro? the arch 
a circle as from C to A, and with the velocity pl. 5. 
quired by the deſcent to aſcend along the arch Fig. 12 
D of the ſame circle, the arch AD which it de-. 
nbes in its aſcent, will be equal to the arch CA 
ſcribed in the deſcent; and the times in which 
oſd arches are deſcribed will be equal. br Hh 
And this is the caſe of the PxexpuLuM ; which 
a heavy body as A, hanging by a ſmall cord as 
A, and moveable therewith about the point B, to 
ich the chord is fixed. If when the chord is ſtretch- Exp. 1. 
the weight be raiſed as high as C, and thence let 
l, it will by its own gravity deſcend thro? the 
lar arch CA; and by the Corol. of the ſixth 
p. itwill have the fame velocity in the point A, * 
it a body would acquire in falling perpendicular- * 

from E to A; and, by the firſt Law os Na- 17 
vx A, it will endeavour to go off with that velo- 
y in the tangent A F; but being by the force. of 
Pay © L 3 the 
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Lx o r. the chord made to move in the periphery CAD, 
Wyn loling all its velocity, it will be turned back by in 


Fl. 5. 
Fig. 13. 
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it will riſe thro' the arch AD as high as D, when 


gravity, and deſcending thro* the arch DA, wil 
upon its arrival at A, have the ſame velocity as be 
fore, with which it will aſcend to C; and thus i 
will continue its motion forward and backward along 
the curve CAD, which motion is called an ſcill. 
tory or vibratory mot ion; and each ſwing from ( 
to D, as alſo from D to C, is called a vibratin 
and if the pendulum ſuffered no retardation in i 
motion from the reſiſtance of the air, nor from th 
friction of the chord againſt the center about whit 
It moves, the arches deſcribed in each vibratia 
would be exactly equal, and the motion of the pa 
dulum would continue for ever; but whereas th 
motion of the pendulum is continually retardedh 
the forementioned cauſes, the arches deſcribed i 
each vibration muſt grow leſs and leſs continual 
and at Jaſt vaniſh together with the motion of th 
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pendulum. . 
The vibrations of one and the ſame pendulu ö 
vibrating in unequal circular arches, are perform 
very nearly in equal times, provided the arches at x 
but ſmall. Thus, in the pendulum AB, the vibn 
tion thro? the arch CAD, is performed very neal © 
in the ſame time wherein the pendulum vibr. © 
thro? the arch EAF, on ſuppoſition that the arch A 
CA and EA are but ſmall. | A 
For, drawing the chords CA and AD, as aH 4 
EA and AF, inaſmuch as the arches are ſuppoſe 85 
to be ſmall, they will not differ much either as i -? 
length or declivity from their reſpective chord ® 
eonſequently, the times of deſcribing the arch A 
CA and EA, by a heavy body running alot "a 
them, will be nearly equal to the times of delcr 10 
bing the chords: but by the ſecond Corol. of dl c 
third Prop. the times of deſcribing the chords 


equal; wherefore the times of deſcribing 1. 


arche 
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arches CA and EA, muſt be nearly equal; and LEO r. 


ben {0 likewiſe muſt the double of thoſe times, or the X. 


equal arches CAD and EAF. And this is con- 


an equal length, be ſet going at the ſame inſtant of 
time, ſo as to vibrate thro' ſmall but unequal arches, 
they will for a long time keep pace together; and 
continue to begin and end their ſwings without any 
ſenſible difference as to point of time, during a 
great number of vibrations. 


acquires by that time it arrives at the loweſt point 
A, is as the chord of the arch which it deſcribes in 
ts deſcent ; that is, the velocity which it acquires in 
deſcending from C to A, is to the velocity acquired 
in its deſcent from E to A, as the chord CA to 
the chord EA. 

For, drawing the horizontal lines EK and CH, 
the velocity acquired in falling from H to A, is to 
the velocity acquired in falling from G to A, in 
the ſubduplicate ratio of HA to GA, as I proved 
in my lecture upon gravity ; that is, becauſe, from 
the nature of the circle HA, CA, and GA, are in 
continued proportion, as CA to GA; for the fame 
reaſon, the velocity acquired in falling from G to 
A, is to the velocity acquired in falling from K to 
A, as GA to EA; conſequently, the velocity ac- 
quired in falling from H to A, is to the velocity ac- 
quired in falling from K to A, as CA to EA; but 
by the Corol. of the ſixth Prop. the velocity acquired 
in falling from H to A, is equal to the velocity ac- 
quired in the deſcent from C to A, and the velocity 
acquired in falling from K to A, is equal to the-ve- 
nf locity acquired in the deſcent from E to A; where- 
fore, the velocity acquired in deſcending throꝰ the arch 

CA, is to the velocity acquired in deſcending thro? the 


ti arch EA, as the chord CA to the chord EA. 
1 L 4 a Hence 


times wherein the pendulum vibrates thro? the un 


firmed by experiment, For if two pendulums of Exp. e. 


If a pendulum as BA, vibrates thro? the circu- Pl. ;. 
lar arches CAD and EAF, the velocity which it Fig. 14- 
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L x c r. Hence it appears, that if the arch of a circle where- ti 
X. in a pendulum vibrates, be ſo divided in the points Wpe 
Wands 1,2, 2,4, and fo on, beginnlig —— 

int A, as that the chords drawn froni A to the Ih 
everal points of diviſion, may be to one another, Mfo 
as thoſe numbers, the velocities acquired by»a'pen- pe 
dulum in the loweſt point A, when let fall ſuoceſ Mon 
ſively from the ſeveral points of diviſion, will be of 
as the numbers affixed to the reſpective points; and th 
it was upon this account, that in the experiments 
relating to the colliſion of bodies, the balls were 
conſtantly let fall from ſuch heights, as that the 
chords of the arches which they deſcribed in their 
deſcent, might be to one another in the ſame pro- 
portion with the velocities wherewith the balls were 

ſuppoſed to meet at the loweſt point. 
The times wherein pendulums of unequal lengths 
vibrating in ſimilar arches, perform their vibrations, 
are to one another, as the ſquare roots of their 
lengths; for inſtance, the time wherein the pendu- 
lum BA vibrates thro? the arch FG, is to the time 
wherein the pendulum BC vibrates thro? the arch 
DE ſimilar to FG, as the ſquare root of BA to the 

| 1quare root of BC, N 
| For, by the Corol. of the ſeventh Prop. ſince the 
arches FA and DCare ſimilar and fimilarly poſited, 
| the time of the deſcent thro* FA, is to the time 
| of the deſcent thro* DC, as the ſquare root of FA, 


to the ſquare root of DC; but by the Corol. of the 
eighth Prop. the time of the deſcent. :thro* FA 
is one half of the time of the vibration from F to 
G, and the time of the deſcent throꝰ DC, is one 
þ half of the time of the vibration from D to E; 
| conſequently, the time of the vibration thro? FG, 
i is to the time of the vibration thro** DE, a8 
0 the ſquare root of FA, to the ſquare root of 
1 DOC; that is, becauſe the arches FA and DC 
are fimilar, as the ſquare root of BA to the 


{quare root of BC, that is, the times of the vibra- 
= tions 
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tions are as the ſquare roots of the lengths of the Lz Gr. 
ums. And foraſmuch as the times wherein X. 
pendulums perform their vibrations, are to one ano 
ther inverſly as the number of vibrations per- 

formed in a given time; the numbers of vibrations 
performed by pendulums in a given time, are to 

one another inverſly as the ſquare roots of the lengths 

of tie pendulums. For inftance, if the length of 

the pendulum BA, be to the length of the pendu- 

lum BC, as one to 4, the number of vibrations 
performed in any given time by the ſhorter pendu- 

lum, is to the number of vibrations performed in 

he ſame time by the longer, as the ſquare root of 

to the ſquare root of one, that is, as two to one; 

which cafe is experimentally confirmed by two pen- 

dulums, whereof the longer being 39.125 inches, Exp. 3. 
vibrates in one ſecond of time; and the ſhorter be- 

ing 9.78 1 inches, vibrates in half a ſecond, and 

performs two vibrations in the ſame time that the 

onger -performs one. by 


a 2 2. £ * 


r : © > 


Inches 
j n ): 539.125 Halley 
e 2 of a pendu- in a 2d. 39.207 Newton 
um vibrating ' . 781 Halley 
e 11 ft s 8 inza2d 4 9: Newton © 


ITTS | © * 1 


The time of a pendulum's vibration is no way 
altered by vary ing the weight thereof; for ſince the 
gravity of every body is proportional to its quanti- 

of matter, as I proved in my lecture upon gravi- 

y, all bodies in the ſame circumſtances are moved 

e by the force of gravity with the ſame velocity; and 
berefore; if the length of a pendulum continues 
„de fame, it will perform its vibrations in the ſame 

5 ime, whatever be the magnitude of the appending 

xt eight which may be confirmed by the following 

C Fperiment. Let two unequal weights be hung by Exp. 4. 
e Vo threads: ſd as to conſtitute two pendulums equal 

. In length, and / let them at the ſame inſtant of _ 
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Le r. fall from equal heights, they will keep pace toge- 
X. ther ſo as to perform their vibrations in equal — 


— 
. . 


— 
- 


In the foregoing part of this lecture I ſhewed 


you, that the vibrations of one and the ſame pen. 


dulum vibrating chroꝰ unequal but ſmall circular 


arches, are performed in times that are very nearly, 


but not preciſely, equal. Whente it follows, that 


_ © However uſeful ſuch a pendulum may be in mes. 


be done by making a pendulum vibrate in the 


. . 
Fig. 16. 


ſuring time where great exactneſs is not requiſite, 
yet can it by no means be admitted as an accurate 
meaſure of time, unleſs by ſome contrivance it be 
made to perform all its vibrations in equal arches, 
which, conſidering the unavoidable imperfedtions 
of all machines, 1s extreamly difficult, if not im- 
poſſible ; for it has been found by experience, that 
the beſt regulated pendulum clocks, wherein the 
greateſt care has been taken to make the pendulum 
vibrate in equal arches, have notwithſtanding v. 
ried in a courſe of time, ſo as to ſtand-in need of: 
new regulation, which they could not. poſſibly do 
in caſe the pendulums, whereon the regularity af 
all the other movements depends, continued cor- 
ſtantly to vibrate in equal arches, 

In order therefore to obtain an exact unerring 
meaſure of time, it is neceſſary to make a pendi- 
lum vibrate in ſuch a manner, as that all its ſwing 
whether they be thro? larger or ſmaller arches, maj 
be performed in times exactly equal; and this mij 


curve of cycloid, as I ſhall now demonſtrate; 
but I hall firſt ſhew you the manner wherein that 
curve is generated, and what its chief properties 
are, as alſo by what contrivance a pendulum 
made to vibrate in ſuch a curve. 

If a circle as CEF, which touches the right 
line AB in the point C, be moved along that line 
in the manner of a wheel from C to D. ſo 28 
perform an intire revolution; the point C will bf 
virtue of its double motion deſcribe the curve line 


A fr Ye ia£ az. DD mo cm = .c 
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CID, which curve line is called a cycloid; and the LR er. 
right line CD is called the baſe, the line IK perpen- X. 
dicular to the baſe at its middle point is called tùñe 
axis of the cycloid, and the point I the vertex, and 

the circle CEF or KLI is called the generating 
circle. 

From any point in the cycloid as H, let aright 
line as HL, be drawn parallel to the baſe CD, and 
continued till it meets the generating circle KLI, 
deſcribed about the axis IK ; and let the line HM 
touch the cycloid in the point H : this being done, 
the chief properties of to cycloid are theſe three. 

Firſt, The arch IPL, of the generating circle, 
intercepted between the vertex of the cycloid and 
the point L, wherein the right line HL meets the 

enerating circle, is equal in length to the right 
ine HL. 

Secondly, The chord IL of the circular arch 
IPL, is. parallel to the right line MH, which 
touches the cycloid in the point H, 

Thirdly, The cycloidal arch IH intercepted be- 
tween the vertex and the point , is double the 
chord IL. 

The demonſtrations of theſe properties may be 
ſeen in HuyGtns, WaALLis, CoTzs, and others 
who have wrote of the cycloid. 

The contrivance whereby a pendulum is made to 
vibrate in the curve of a cycloid, is thus. A cy- 
cloid as AVB, being deſcribed on the baſe AB, pl. ;. 
let the axis VD be produced towards C, till DC Fig. 17, 
becomes equal to VD; thro? the points C and A, | 
and C and B, let two ſemi-cycloids CA and CB be 
drawn, each equal to half of AVB, their vertices 
being at A and B; if then we ſuppoſe CA and CB 
to be two plates of ſome breadth, and an heavy 
body to hang from the point C by a ſtring equal in 
length to CV, and. to vibrate between the plates 
CA and CB, the upper part of the ſtring — 

7 
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Erc. ſtantly apply it ſelf to that plate towards which the 
X. body moves, and by ſo doing cauſe it to move in 
3 tde cydloid AVB, as has been proved by Huyozns 


Pl. 5. 
Fig. 17. 


the author of this contrivance; and likewiſe by 
Cor xs in his treatiſe de motu pendulorum, where he 
has delivered the whole doctrine of pendulums in 
four ThROREMS, which I ſhall here lay down and 
explain. WOO x V 57 tO: DUDON 


'  TyupoREM I. If a pendulum vibrating in a'ty- 
cloid wes VA, begins its motion downward towards 
V, from any point taken at pleaſure as L, and if up- 
on à radius as VL, equal in length to the cycloidal 
arch VL, à circle be deſcribed ;, the velocities of the 
pendulum in the ſeveral points ef the cycloidal arch, 
will be as the right fines in the circle which are raiſed 
from the correſponding points in the radius; fur in- 


ſtance, if in the radius LM be taken equal" to LM in 


the cycloid, and from the point M in the raQins corre. 
ſponding to the point M inthe cycloid, be raiſed the right 
fine MX, the velocity of the pendulum in the point M, 
after it has deſcended from L, will be as the fine MX. 


For the proof of which, from the points L and 
M in the cycloid, let the right lines LOR and 


Ms be drawn perpendicular to the axis, cutting 


the generating circle in O and Q, from whence to 
the vertex, let the right lines OV and Q be 
drawn. By the Corol. of the ſixth Prop. the velo- 
city which the pendulum acquires in deſcending 
along the cycloid from L to M, is equal to the ve. 
locity acquired by a body in falling perpendicularly 
from R to S; but the velocity which à body ac- 
quires in falling perpendicularly, is in the ſubdu- 
plicate ratio of the ſpace deſcribed, as I proved in 
my lecture upon gravity; conſequently, the velo- 
city acquired by the pendulum in its deſcent from 
L to M, may be expreſſed by the ſquare root - 

| RS; 


: 
5 
ö 
5 
| 
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RS; but RS; being 
tween; RV and SV, the velocity in the 


the ſquare root of the ifferen e 


between RV and SV; or, becauſe RV multiplied 
into the / axis DV, is to SV multiplied into the ſame 
DV, as RV to SV, the velocity may be expreſſed 
by the qquare root of the difference between the 
product of RVx DV and SVD V; but from the 
nature of the circle, the product of RVxDV is 

tosthe ſquare of Vo; and the product of 
SV DV is equal to the ſquare of VQ ; wherefore, 
the velocity at M may be expreſſed by the ſquare 


root of the difference between the ſquare of VO and ; 


the ſquare of VQ; but, by the third property of 
the cycloid, VO is equal to one half of the cycloidal 
arch VL, and V to one half of the arch VM; 
wherefore, as VO fquare, is to .VQ fquare, fo is 
L. ſquare, to VM ſquare+;. conſequently, the ve- 
locity; of the pendulum at M may be expreſſed by 
the ſquare. root of the difference between the ſquare 
of VL and the ſquare of VM; but the cycloidal 
arches VL and VM are by ſuppoſition equal to 
VL and VM in the radius of the circle; and, from 
the nature of a right-angled triangle, the difference 
between the ſquare. of VX, which is equal to VL, 
and the ſquare of VM, is equal to the ſquare of 
MX; wherefore, the velocity of the pendulum at 
the point M, is as the ſquare root of MX ſquare, 
that is; as MX, as was aſſerted in the Theorem. 
And what has been thus proved with regard to the 
velocity at the point M, is in like manner demon- 
ſtrable with regard to the velocity at any other 
point as N; namely, that it is as the right ſine 
NY raiſed from the point N in the radius corre- 
ſponding to the point N in the cycloid ſo that the 
velocities of a pendulum deſcending in a cycloid, 
are in the ain of the cycloidal arch, asthe 


right fines in a circle which are raiſed from the cor- 


reſponding points of the radius, the radius — 
equa 


equal to the difference. be- L H 
int WM N 


. 
0 
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Le r. equal in length to the cycloidal arch intercepted be- 


X. tween the vertex and that point from which the 


wigs pendulum begins its motion, Thus, VM and VN 


in the radius of the circle, being taken equal to 
VM and VN in the cycloid, ſo as that the points 
M, N, V, in the radius, may correſpond: to the 
points M, N, V, in the cycloid, the velocities of 
the pendulum in thoſe points are to one another, as 
the fines MX, NY, and VZ, the radius VZ ex- 
preſſing the greateſt velocity at the vertex V. 


Tnxonzu II. If à body be ſuppoſed to — 


* uniformly in the curve of thecirele, with a velocity equal 


to the velocity acquired by the pendulum in its deſcent 
from L to V, which velocity is, as was juſt now 
Here, expreſſed by the radius VZ; any arch of tht 
circle as X taken at pleaſure, will be deſcribedby the 
body moving along it in the forementioned manner, in 
the ſame time that the pendulum, which begins its no. 
tion from the point L in the cycloid, deſcribes the q- 
cloidal arch MN, correſponding to and equal in length 
to MN, that part of the radius, which lies beteween 
the fines MX. and NY, which terminate at the ex- 


- tremities of the circular arch XY. 


Let the fine FGH, be drawn indefinitely near 
to the ſine MX, and let XG be drawn parallel to 
MF ; and let MF in the cycloid be equal to MF in 


the radius of the circle. By the foregoing Theorem, 
the velocity of the pendulum in the point M, is as 


MX ; and therefore, ſince F is ſuppoſed to be in- 
definitely near to M, the little cycloidal arch MF, 
equal to MF in the radius, is to be looked upon as 
deſcribed by the pendulum with a velocity which is 
as MX; and the little circular arch XH, is by 
ſuppoſition deſcribed with a velocity which is as 
VZ, equal to VX; and the triangles MXV and 
GXH being fimilar, inaſmuch as the angles at M 


and G are right ones, and the angle MX V equal to 
GXH, 
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GXH, becauſe GX is the co 
of them to a ri 


16 
of each LAY 
t one; XH is to XG equal to X. 


* 
1. 1 
—— 


MF, as VN or Z to MX; that is, XH and WM ann, 


are to one another, as the velocities wherewith they 
are deſcribed ; conſequently, they muſt bedeſcribed 


in the ſametime. '' And whathas been thus demon- 
ſtrated of MF and XH, is in like manner demon- 
ſtrable of the ſeveral correſponding parts in the cy- - 


cloidal arch MN, and circular arch XT; conſe- 
quently, the whole cycloidal arch MN, will be de- 
ſcribed by the pendulum in the ſame time, that the 
circular arch XY is deſcribed by a body moving 
along it uniformly with the velocity expreſſed by 
WZ; and by the ſame. way of reaſoning, the time 
of deſcribing any other cycloidal arch as LV, is 
equal to the time of deſcribing the correſponding, 
circular arch LIE. an 
Coon. As a Corollary it follows, that the time 


wherein a pendulum deſcribes any arch of a cy- 


cloid as MN, may be expreſſed by the correſpond- 
ing circular arch XY. 80 

r, as the motion along the curve of the circle 
i; ſuppoſed to be uniform, the time of deſcribing 
any arch as XY, muſt be as the length of the arch; 
but by the Theorem, the times of deſcribing the cir- 
cular arch XY, and the cycloidal arch MN, are 
equal ; conſequently, the time in which the - 
lum deſcribes the cycloidal arch MN, is as the cir- 
eular arch X. 


Tarronre mM III. The time of one intire vibration 
of a "pendulum moving in. a cycloid, is to the time 
wherein a body falls perpendicularly thro a ſpace equal 
in length to the axis of the cycloid, as the periphery of 
circle to its diameter. a | 


All things being ſuppoſed as before, the time of pi. 5. 
deſcribing the ſemicircular periphery LZP — the Fig. 17. 
| velocity 
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L e f. velocity by VZ, is tc the tima of deſcti eq 
XN. bing the ſemidiameter LV: wich the ſame velocity, bo 
[aas the ſemicircular periphery to the ſemidiameter, Wict 
or as the whole periphery to the diameter 4 but the 
time of deſcribing the ſemioircular periphery LZ 
with the velocity VZ, is equal to the time of an in. 
: tire vibration; for, by the eighth Prop. the tim 
. wherein the pendulum deſcribes the cycloidal arc 
LV. is one half of the time wherein it performs a 
intire vibration; and by the fecond Theorem, the 
time wherein a pendulum deſcribes the cycloidy 
arch LV, is equal to the time wherein the quad 
-- > tal arch of the circle, to wit LZ, is deſcribed wit 
the velocity expreſſed by VZ; conſequently, the 
time of an intire vibration, is equal to the time d 
— the ſemicircular periphery LZ; and ia 
time of deſcribing the ſemidiameter LV with th 
' velocity VZ, is equal to the time of a body's fil 
; down the height of the axis DV; for, by the { 
cond Carol. of the third Prop. the fall down d 
| axis DV, is performed in the ſame time with the d 
| ſcent along the chord OV; and by the eighth Pro 
the velocity acquired at the end of the deſcent alony 
the chord OV, will in the ſame time with that 
the deſcent deſcribe a ſpace equal to twice OV; bt 
l by the third property of the cycloid, twice VO. 

equal to the cycloidal arch LV, which by ſuppe 
tion is equal to the ſemidiameter VL; and conſe 
quently, the velocity acquired at the end of the de 
ſcent along the chord OV, is ſuch, as will in a tim 
equal to that of the fall down the axis DV, de ſcrib t 
the ſemidiameter LV; but, by the Corol. of the 

ſixth Prop. the velocity acquired at the end of tha 
deſcent along the chord OV, is equal to the veloc 
ty acquired by the pendulum in its deſcent along tit 
cycloidal arch from L to V, which by the fir © 
Theorem, is as VZ; wherefore, - the time of deſcriſf V1 
bing the ſemidiameter LV with the velocity VZ, A d 

- equ gue 
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> equal to the time of the fall down the axis DV; Lx ori 


ity, bot ie has been already proved, that the time of de- 
ſeribĩ 
tf VZ; is to the time of deſcribing the ſemidiame- 
ter LV with the ſame velocity, as the periphery of 
the cirdle to its diameter; and it has been likewiſe 
me provecꝭꝭ thax the time of deſcribing the ſemicircular 


ch wich the velocity VZ, is equal to the time of 
u intire vibration of the pendulum; conſequently, 
tel de time of ſuch a vibration, is to the time of the 
iche don the axis, as the periphery of the circle to 


Con ol. From what has been proved it follows, 
ut the time of a vibration of a pendulum moving 
given cyoloid is given; or in other words, that 
the vibrations of ſuch a pendulum, whether they 
in larger or ſmaller arches, are performed in 
mes exactly equal. OTITIS 2 
For, as it has been proved, that the time of the 
bration 'which begins from the point L, is to the 
me of the fall down the axis, as the periphery of 
e Circle deſeribed on a radius equal to the cycloidal 
VL, to its diameter; it may in like manner 
demonſtrated, that if the vibration begins from 
y other point as M, the time thereof will bear the 
proportion to the time of the fall down the 
s, that che periphery of a circle deſcribed on a 
ins equal in length to the cycloidal arch VM, 
deo to its diameter; but the ratio of the periphery 
in the diameter in any one circle, is the ſame wit 
bear in any other; wherefore, the times of the vi- 
rations thro? unequal arches, have all the ſame 
, to the time of the fall down the axis, and of 
Fonſequence muſt be equal. IT, i 
From this equality in the times of the ſwings it 
that this kind of pendulum is preferable to ſuch 
vibrate in circular arches, as being a more exact 
N juſt meaſure of time; a minute of mean or 
al time being „ meaſured by ſixty n 


ſemie ireular arch LZ P with the veloc i 


LI or. of a pendulum of this kind, whoſe length is equal 
X. to three horary feet, which anſwers to 39 inches and 
Gym One eighth of our meaſure, according to Doctot 
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HaLLEy ; or to 39 inches and one fifth, according 
to Sir Iaac NewTon. And. now that I have 
mentioned mean or equal, otherwiſe called rue tiny, 
it will not be improper in this place, to ſhew you 
wherein it differs from that time, which by aſtro- 
nomers is called unequal and apparent time. 
As time in itſelf does not fall under the notice 
of our ſenſes, and as the parts thereof go on in: 
continued ſucceſſion one after another, no two ex- 
iſting together, it is impoſſible todiſcover the equz 
lity or inequality of any two portions of time, by 
an immediate compariſon of one with the other; 
and therefore, it was neceſſary for thoſe who fi 
thought of diſtinguiſhing the parts of time, to har 
' recourſe to ſomgthing ſenſible, and of a different 
nature from time, as the meaſure thereof, Andy 
nothing ſeems better fitted to ſerve this purpoſe, 
than ſuch natural appearances as fall under every 
man's notice, and at the ſame time have frequent 
returns, it is highly probable, that in the firſt age 
of the world, men obſerving the frequent riſing 
and ſettings of the ſun, took the one or the othe 
for their firſt meaſure of time, calling that portic 
of time which paſſed between two riſings or ſetting 
which immediately ſucceeded each other, by tht 
name of a day; in like manner it is rational to ſup 
poſe, that upon obſerving the frequent returns of 
the full and new moons, they made the one or ths 
other their ſecond meaſure of time, calling thut 
* which paſſed between two ſucceſſive new aN 
all moons by the name of a moon or month. AY; 
it is likely, that for ſome time they contented the 
ſelves with theſe meaſures, without knowing « 
conſidering whether they were exact or not: bi 
in proceſs of time, as men became better acquaint 
with the mogons of the heavenly bodies, they f 


coverec 
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a. vered ſome irregularities in the apparent motion L = Or. 


nd f the ſun, and of conſequence, an inequality in the 
atural days which depend on that motion; inaſ- 
ch as the portion of time, which paſſes between 
e ſun's departure from the plane of any meridian 
ind its next return thereunto, is not always the 
ime, By conſidering the cauſes of this inequality, 
bey were led into a method of making ſuch cor- 
tions in the natural days, by adding to ſome, 
nd taking from others, as reduced them all to a 
ein equal length; each day being made to con- 
it of 24 equal hours, each of which is divided into 


to ſixty others called /econds, and theſe again into 
lid, and ſo on in a ſexageſimal progreſſion, the 
arts of each denomination being conſtantly equal 
mong themſelves. And theſe parts of time thus 


me, as it ſtands diſtinguiſhed by aſtronomers, 
om'the unequal or apparent time, which is mea- 

red by the apparent motion of the ſun. 
In order to have a conſtant meaſure of equal 
me, HuyctNns contrived a method of adapting 
endulums to clocks, whereby their motions are 
d exactly regulated, as that in a clock whoſe move- 
ents are rightly adjuſted, the ſeconds, minutes, and 
mrs are for ſome time pointed out with the great- 
exactneſs; I ſay, for ſome time only, becauſe 
Is not poffible that any clock whatever ſhould 
bntinue exactly true for a long courſe of time: 
"Wer as the pendulums of clocks according to 
WyoENg's firſt contrivance; and by the general 
actice of clock- makers at this day, are made to 
brate in circular arches, where the times of the 
rations are not preciſely equal, unleſs the arches 
ro* which the pendulum moves be ſo too; if the 
,  Wicels on account of the thickening of the oil by 
oſty weather, or from any other cauſe grow more 
Big ſluggiſh 


Itty equal parts called minutes, and each of theſe | 


(duced to an equality conſtitute the mean or equal 


2 


172 Or TRE PENDULUM. 


Le r. ſluggiſh, ſo as to give the weight, which in cloc 
EX. is the moving power, greater reſiſtance than a 
Wav Ccording to the firſt adjuſtment, the force of the 
crown-wheel upon the palates of the pendulum wil 
likewiſe be diminiſhed ; and of conſequence, th 
ndulum being thrown leſs forcibly will mon 
thro? ſmaller arches than before, and by fo doing 
will meaſure out ſmaller portions of time, the ting 
of ſixty ſwings not amounting to a minute, up 
which account the clock muſt gain, and go toofal 
On the other hand, whenever the parts of the mon 
ment which rub one againſt another, do by reaſc 
of the thinning of the oil by the heat of the we 
ther, grow more ſlippery, or from their conſt: 
friction become more ſmooth, ſo as to give leſs 
ſiſtance to the moving power than according to tie: 
firſt adjuſtment, the crown- wheel acts more fe 
bly on the pendulum, and cauſes it to vibrate! 
larger arches, by which means the time of ex 
ſwing is inlarged, and of courſe the clock lol 
and goes too flow, To remedy theſe incom 
niences, HuycEens thought of a ſecond method 
adapting pendulums to clocks, ſo as to make tie 
perform their vibrations in cycloidal arches ; | 
which means, tho' the force of the crown-wit 
upon the pendulum ſhould vary, ſo as to cauk 
to vibrate ſometimes in larger and ſometime 
ſmaller arches, yet will not any variation ariſe fr 
thence in the times of the vibrations; as is 
dent from the Corollary of the third Theorem; 
that in clocks whoſe motions are governed by pi 
dulums vibrating in cycloidal arches, the irregu 
ties ariſing from the variation of the force of 
crown-wheel upon the pendulum are wholly av 
ed: and yet a clock of this kind will not alu 
go true; for as the pendulum cannot vibrate in NB pe 
curve of a cycloid, unleſs the uppermoſt pawn 
the ſtring does as often as it moves from the MIt as 
| pendi © C 
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cycloidal arch ; and as this cannot be done unleſs 


ti that part of the ſtring be made of ſilk, or ſome = 


other ſoft and pliable ſubſtance, which as ſuch is 
pt to imbibe the moiſture of the air; whenever 
he weather becomes remarkably moiſt, the watery 
particles which float in the air, will inſinuate them- 
elyes into the pores of the ſtring, and by ſo doing 
auſe it to contract and ſhorten; upon which ac- 
ount, the vibrations of the pendulum will be 
quickened, as will appear from the next Theorem, 
nd the clock will gain. So that neither a clock of 
is, nor of any other kind can go exactly true 
or any long courſe of time, which is a thing well 
nown to clock- makers, who have frequently ex- 
xrienced the beſt regulated clocks to vary in the 
ympaſs of a few months, ſome ſeconds from the 
quation table, ſo as to ſtand in need of a new re- 


ith the ſquare roots of the lengths of the pendulums, 


me wherein a body falls down the axis DV, as the 
rcumference of a circle to its diameter; and by 
he ſame Theorem, as the circumference of a circle 
do the diameter, fo is the time wherein the pen- 


, the time wherein the pendulum CV performs 
vibrations, is to the time wherein the pendulum 
B performs its vibrations, as the time of the fall 
Wown NV, is to the time of the fall down EB; 
it as I proved in my lecture upon gravity, the 
e of the fall down DV, is to the time of the 


ef 
di 
M 3 fall 


dicular towards either ſide, form itſelf into a LRC * 


ThHeoREM IV. The times wherein pendulums pl. ;. 
different lengths as CV and AB perform their vi- Fig. 17, 
ations, are to one another in the ſame proportion 18. 


For, by the third Theorem, the time wherein the pl. 5. 
endulum CV performs its vibrations, is to the Fig. 15. 


k 
| 
[ 
. 
bl 


um AB performs its vibrations, to the time Pt. ;. 
herein a body falls down the axis EB; conſequent - Fig. 18. 
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n y 5 


conſtantly and uniformly are vo one another as the 


and EB muſt likewiſe be equal, inaſmuch as they 
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fall down EB, as the ſquare root of DV, to the 
ſquare root of EB; or becauſe DV is one half of 
CV, and EB one half of AB, as the ſquare root of 


CV, to the ſquare root of AB; wherefore, the 
time wherein the pendulum CV performs itsvibra- 
tions, 1s to the time wherein the pendulum: AB 
performs its vibrations, as the ſquare root of CV, 
to the ſquare root of AB, that is, the times are as 
che ſquare roots of the lengths of the pendulum; 
ſo that if one pendulum be four times as long as an- 
other, the ſhorter will vibrate in half the time, ſo 
as to perform two vibrations in the fame time that 
the longer performs one. 1 le Rh 

In this Theorem, as alſo in every thing elſe that 
has been hitherto ſaid concerning the pendulum, the 
ſorce of gravity is ſuppoſed to be given; hence i 
follows, that if pendulums of different lengths, 2 
CV and AB, perform their vibrations in equi 
tirnes, the force of gravity in ſuch pendulums mul 
vary, and that in proportion to the lengths of the 
pendulums, that is to ſay, the force of gravity i 
the pendulum CV, muſt be to the force of grant 
in the pendulum AB, as CV to AB, For, as the 
times of the vibrations are ſuppoſed to be equal, the 
times of the perpendicular falls down the axes DV 


mp. — << — LI — Ky — @ a 


— 


SOA 0 my — 


— 
4 


have been proved to be proportional to the times df 
the vibrations; ſince therefore, forces which at 


velocities which they generate in any given time, 
the force of gravity which carries a body down DV, 
muſt be to the force of gravity which in the ſame 
time carries a body down EB, as the velocity acqu- 


S828 Sag - 


red at the end of the fall down DV, to the velociſ 
acquired at the end of the fail down EB: but I proved the 
in my lecture upon gravity, that the velocity acqui po 


red in falling down DV, is ſuch as will in a ſpace o in 
time equal to that of the fall, carry a body thro? a ſpace 
equal to twice DV, that is, thro” a ſpace equal . 

: | ; | en 3 | : the 
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the length of the pendulum CV; and therefore, Lec r. 


the time being given, the velocity may be expreſſed X. 


of by the length of the pendulum 3 and for the ſame 
the ¶ reaſon; the velocity acquired in falling down EB, 
ra- Wl may be expreſſed by the length of the pendulum 
AB i AB; conſequently, the force of gravity which 
V, noves the pendulum CV, is to the force of gravity 
e a3 WI which:a&ts upon the pendulum AB, as the — 
1s; of the former, to the length of the latter. Since there 
an- fore, it has been found by experience, that a pen- 
% dulum which vibrates in a ſecond of time under the 
hat line, muſt be lenthened as it is removed from the 
line, and that more and more as its diſtance there- 
hat WJ from increaſes; it is manifeſt, that the force of 


gravity is leſs in the æquatorial parts of the earth, 
than in any other, and that it increaſes continually 


s the diſtance from the line increaſes, ſo as to be 

vil Wi greateft under the poles 3 in what proportion this 

ul WY increaſe of gravity is made, and from what cauſe 

te it proceeds, I ſhewed in my lecture upon gravity. 

nA As the ſeveral parts of the cycloidal arch LV, pl. .. 
it Wi have different inclinations to the plane of the hori- Fig. 15. 
the zon, it is evident, from what has been ſaid con- 


cerning the motion of bodies upon inclined planes, 
that the force which accelerates the motion of a pen- 
dulum in its deſcent from L to V, muſt continually 
ry; it being greateſt in the point L, and thence 
continually lefſening as the cycloidal arch ſhortens, 
till at length in the point V it intirely vaniſhes ; 
and what is particularly remarkable in this caſe 1s, 
that the accelerating forces in the ſeveral points of 
the cycloid, are to one another in the ſame propor- 
tion with the cycloidal arches intercepted between 
the vertex and the reſpective points; for inſtance, 
the force which accelerates the pendulum in the 
point L, is to the force which accelerates the fame 
in the point M, as the arch LV, to the arch MV. 


M 4 For, 


LzcT, For, as the points L and M have the ſame di- 
yin thoſe points muſt be the ſame with the force 
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rections with their tangents, the accelerating forces 


which accelerate the motion of bodies deſcendin 
along the tangents z or becauſe the chords OV and 
in the generating circle, are by the ſecond 

roperty of the cycloid, parallel to the tangents at 
L and M, as the forces which accelerate bodies in 
their deſcent upon the chords OV and QV ;but 
foraſmuch as thoſe accelerating forces act conſtantly 
and uniformly, they muſt be to one another, as the 
velocities which they generate in a given time; and 
therefore, ſince it has been proved, that the chords 
OV and ] are deſcribed in the ſame time, the 
accelerating forces are as the velocities acquired at 
the end of the deſcent along thoſe chords: but it 
has likewiſe been proved, that thoſe velocities are 
as the lengths of the chords ; conſequently, the 
force' which accelerates a body deſcending along the 
chord OV, is to the force which accelerates a body 
deſcending along the chord QV, as OV to Q 
but foraſmuch as by the third property of the qq. 
cloid, OV is one half of LV, and QV one half a 
MV, as OV is to Q, fo is LV to MV; and 
therefore, the accelerating force along OV, is tofhit 
accelerating force along QV, as the cycloidal arch 
LV, to the arch MV; but it has been proved, that 
the accelerating force along OV, is the ſame with 
the accelerating force in the point L, and that the 
| accelerating force along QV, is the ſame with the 
accelerating” force in the point M; conſequent!y, 
the force at L, is to the force at M, as LV to M 
and what has been thus demonſtrated of the forces 
at the points L and M, is in like manner demon- 
ſtrable of the forces at any other points, ſo that in 
a pendulum deſcending in the arch of a cycloid, the 
accelerating force is in every point as the length of 
the cycloidal arch intercepted between the pointer 
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li- Ie vertex; or in other words, the force is every 
es here proportional to the ſpace to be deſcribed. 

This then being the law of the accelerating force, 
d it having been proved, that the pendulum, whe- 
er it begins its motion from L or M, or any other 
dint in the cycloid, will arrive in the ſame time 
t the loweſt point V; it follows, that if ſeveral 
in Nodies, placed at different diſtances from any point 
center, begin to move towards it at the ſame 


ly Wiftant of time, with forces that are every where 
he {Mhroportional to the diſtances from the center, they 
nd ill all arrive at the center at the ſame inſtant of 
& Mine: which I thought fit to mention in this 


lace, in order to avoid the trouble of demonſtra- 
ng the ſame, when I come to treat of the motions 
f muſical ſtrings, towards the explaining of which 


is property will be of uſe. | 


MM. FECTURE i 

1 | 
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1 nl | 

dA S the DocTring or Projects, whereof TT, cm; 


- intend to treat in this lecture, cannot be XI. 

ghtly apprehended without ſome knowledge of Cys 

Ide Parabola; I ſhall by way of introduction ſhew 

the manner wherein that curve is generated, and 

point out ſuch of its properties as I ſhall have occa- 

hon to make uſe of in explaining the motion of pro- 

kts, referring you for their demonſtrations to thoſe 

V; Feuthors who have wrote of the conick ſections. 

ces WI If a cone as ABC, be touched by a plane in the Pl. 6. 

n- right line AB, and be cut by another plane parallel to Fig: i. 

in e former, the curve which ariſes from the interſec- 

he uon of the plane with the ſurface of the cone iscalled 

of Y4Parabola; being ſuch as is repreſented in Fig. 2, in pj 6. 

rhich the higheſt point P is called the principe} Fig. 2. 
| , | vertes 3 
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Lor. vertex; the right line CAP paſſing thro? the pointP 


— called the axis; a right line as DA, drawn 


and perpendicular to the tangent at that P oint, is" 
any 


point in the curve perpendicular to the axis,is called 
an ordinate to the axis ; PA the part of the axis in 
tercepted between the vertex and the ordinate, i 
called the abſciſſe to that ordinate ; a right line, being 
a third proportional to the abſciſſe and its reſpeQtive 
ordinate, is called the principal parameter, or the 
parameter to the axis; a right line as DEH, dram 
from any point in the curve parallel to the axis, is 
called a diameter ; a right line as PE, intercepted 
between any point in the curve and the diameter, 
and parallel to BD, which touches the curve in th 
Point D, is called an ordinate to that diameter ; DE 
the part of the diameter lying between the verter 
D and the point E, is called the abſciſſe to the ori. 
nate PE; and a right line being a third propor: 
tional to the abſciſſe DE and the reſpective ord: 


nate EP, is called the parameter to the diameter DH, un 
or to the vertex D. TS ; no 
The ſquare of any ordinate divided by the . 
pective abſciſſe, is equal to the reſpective parame-W 
ter; thus the ſquare of DA divided by PA, orte * 
ſquare of OQ divided by PQ, is equal to the pris. Net 
ctpal parameter; and the ſquare of EP divided by C; 
DE, as alſo the ſquare of LM divided by DL, dir 
equal to the parameter belonging to the vertex D. *. 
The ſquares of the ordinates to the axis, or to one © 
and the ſame diameter, are to one another in the [qu 


fame proportion with their reſpective abſciffa's ipa 
Thus, the ſquare of DA is to the ſquare of OQ, 7 
PA to PQ; and the ſquare of PE is to the ſquare Hrc 
of ML, as DE to DL. 


In one and the fame parabola, the principal pa N 
rameter is the leaſt of all the parameters; and the ah 
other parameters increaſe, as the diſtance of thel! foo 


vertices from the principal vertex increaſes, tho 
It 


nat in the ſame proportion, 
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If from any point in a parabola as D, an ordi- Le c T. 
mate be drawn to the axis, and if from the fame XI. 
point a tangent be drawn upward, it will meet te 
axis When produced; and AB, the part of the axis 
intercepted between the ordinate DA; and the tan- 

gent DB, will be biſſected by P the principal 

verteX, a | 

Theſe things being premiſed ; if a body be 

thrown in any direction whatever that is not per- 
pendicular to the plane of the horizon, it will in 

ts motion deſcribe a parabola. 6 ; 

For the proof of which, let AE be the direction PI. 6. 
ofthe projection, which in the 3d Fig. is parallel to is. 3» 4. 
xe horizon, and in the 4th and 5th inclined there- 
dz and let AE be the ſpace which the project 
would deſcribe in any given time by means of the 
force impreſſed, fading it had no motion'down- 
vard from the force of gravity; likewiſe let AB be 
the ſpace thro* which it would deſcend in the given 
time by vertue of 1ts own gravity, ſuppoſing it had 
no other motion ; then compleating the parallelo- 
gram ABCE, it is manifeſt from what was former- 
ly ſaid concerning the compoſition of motion, that 
at the end of the given time, the project muſt by 
vertue of its double motion, be found in the point 
C; but, foraſmuch as the motion impreſſed in the 
direct ion AE is uniform, the ſpace deſcribed, that 
$8 AE, muſt be as the time in which it is deſcribed; 
conſequently, AE ſquare, or BC ſquare, is as the 
ſquare of the time; but AB or EC, which is the 
ſpace deſcribed in the ſame time by the force of 
gravity is likewiſe as the ſquare of the time, as I 
proved in my lecture upon gravity; conſequently, 
AB is as the ſquare of BC ; and therefore, from the 
nature of the parabola, the point C thro? which the 
project moves, muſt be in the curve of a parabola, 
whoſe diameter is AB, the vertex A, the point 
from whence the project begins its motion, and the 

8 | parameter 


* 
*. 


— 


* 


. ——— — LL. — — 8 , — — 
rr ore REI. I EINE. — — — + 
£ 1 hy oe 4 X Fe - S E * » 2 — = i - 
8 2 
_ 


180 


Or rn MOTION or PROJECTS, 


L x r. parameter belonging to that vertex, BC ſquare di. 


XI. 


bat has been thus demonſtrated of the point C, i; 


fourth part of the parameter, as the ſquare root d 
EC to the ſquare root of —- which ſquare 
Toots are to one another, as EC to AE, as may 


tex A, and the velocity of the project in the point 


cities muſt be equal. 


vided by AB, or AE ſquare divided by EC; and 


in like manner demonſtrable of all the other points 
thro? which the project moves; conſequently, the 
line which it deſcribes is a parabola. ; 
Fhe velocity of a project in any point of the pe. 
rabala as A, is ſuch as a body acquires in falling 
down the fourth part of the parameter belonging to 
that point. For the velocity of the project in the 
point A is ſuch, as would carry it from A to E in 
the fame time that a body deſcends from E to C; 
and the velocity acquired in the deſcent from E toC 
is ſuch, as in the ſame ſpace of time with that d 
the fall, would carry a body thro* a ſpace equal to 
double EC; confequently, that velocity 1s to the 
velocity of the project in the point A, as twice EC 
to AE, or as EC to AE; but as EC is to AE, ſ 
is the velocity acquired in falling from E tg. C, to 
the velocity acquired in falling down the fourtl 
part of the parameter belonging, to the vertex A; 
for, by the nature of the — the parameter 


belonging to the vertex A, is equal to 20 


wherefore, the velocity acquired in falling from E 
to. C, is to the velocity acquired in falling down th: 


— 9 D 22 — — © — 8 7 . = ty ie. Roa - ts a _— * 


AEq 
EC 


a your by multiplying each into the ſquare root of 
3 ſo that the velocity acquired in falling thro' a 
fourth part of the parameter belonging to the ver- 


A, have one and the ſame proportion to the velo- 
city acquired in falling from Eto C; conſequent!y, 
from the nature of proportionals, thoſe two velo- 


Hence 


rence which may ariſe from the reſiſtance of the air, 


Or Tax MOTION or PROJECTS. 
Hence it follows, that if projects move through 


to one another, as the parameters belonging to the 
reſpective points; for, ſince the velocities in the 
ſeveral points are equal to the velocities acquired in 
falling down the fourth part of the parameters be- 
longing to thoſe points, and fince the ſquares of 
the velocities acquired in falling down the fourth 
part of the parameters, are to one another as the 
ſpaces deſcribed, as I proved in my lecture upon 
gravity, it is evident that the ſquares of the veloci- 
ties wherewith projects move thro* the ſeveral 
points of the parabolas which they deſcribe, are to 
one another in the ſame proportion with the quarter 
parts of the parameters belonging to thoſe points; 
but the quarter parts of the parameters being to one 
awthet as the whole parameters, the ſquares of the 
velocities in the ſeveral points of the parabolas muſt 
bear the ſame proportion to one another, that the 
parameters do which belong to thoſe points. 

Since this is the caſe, and ſince by the nature of 
the parabola the principal parameter is leſs than any 
other, and that the other parameters grow larger as 
the points to which they belong are more diſtant 
from the principal vertex ; if a project be caſt ob- 
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the ſame or different parabolas, the ſquares of their XI. 
velocities in the ſeveral points of the parabolas, are 


liquely upward, as in Fig. 4. from A towards Exits pl. 6. 


proaches the uppermoſt point P, wherein the velo- 
city being leaſt muſt thence increaſe continually as 
the project deſcends and recedes from the point P; 
and as in one and the ſame parabola, where the diſ- 
tances of any two points as A and K, from the 
principal vertex P, are equal, the parameters be- 
longing to thoſe points are likewiſe equal; It is ma- 
nifeſt, that a project muſt ha veequalvelocities in thoſe 
points; and of conſequence, ſetting aſide any diffe- 


the 
2 


velocity muſt continually decreaſe as it riſes and ap- Fig. 4 
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L x © r. the project will, ceteris paribus, ſtrike a mark « Nn 
XI. forcibly in the point K as it does at its firſt ſetting . 
out in the point A. py 


may be thus determined. In the parabola of Fig.; 


wherewith it began its motion from G, as the ſquare 


lecture upon gravity, I proved, that if a body be 


thereof at K, is to the velocity wherewith it ſet out 


ject at K, is but one half of the velocity which it had 


- 900 feet, then is the velocity at K, three fourths of 
the velocity at G; ſo that a project being, throw fore 


The velocity wherewith a project is thrown being Ml 
given, the velocity thereof in any point of the curye 


let the axis BA be continued upward to D, ſo as that 
DB may equal the height from which a body mult 
fall, in order to acquire the ſame 2 where. 
with the project ſets out from G; then from any 
int in the curve taken at pleaſure as K, let the 
orizontal line KL be drawn, and the velocity of 
the project in the point K, will be to the velocity 


root of DL, to the ſquareroot of DB, For, in ny 8M. 


thrown directly upward from B towards D, wth 
the ſame velocity that it acquires in falling from 
D to B, it will in any point of its aſcent as L, have 
the ſame velocity that it would acquire in falling 
from D to that point; but the velocity acquired in 
the deſcent from D to L, is to the velocity acquired 
in the deſcent from D to B (which velocity is by Wh. 
ſuppoſition equal to the velocity wherewith the 
body is thrown up) as the ſquare root of DL, to the Wi; 
ſquare root of DB; and by the eighth Prop. of my 
laſt lecture, the velocity of the projectat K, is the ſame 
with the velocity at L; conſequently, the velocity 


from G, as the ſquare root of DL, to the ſquare root 
of DB. Whence it follows, that if DB be equal to 
1600 feet, and DL to 400, the velocity of the pro- Meir 


at its ſetting out from G; and if DL be equal to Miz 


obliquely upward with ſuch a velocity as would carry 


it to the height of 1600 feet if thrown directly a 
ward, 
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ard, will loſe a fourth part of its velocity by the LEO. 
ime it has riſen to the perpendicular height of XI. 
00 feet, and one half of its velocity when it ha 


iſen 300 feet more. 

The velocity where with a project is thrown from 
ny given place being given, as alſo the poſition 
f a mark, the directions wherein the project muſt. 
x thrown, in order to hit the mark, may be deter- 
nined in the following manner, 


ength is given, as alſo the angle CAB, which it 
kes with the horizontal line AB; at A erect the 
erpendicular AP, equal to the parameter belong- 
ng to the point A, which parameter is given, inaſ- 
uch as the velocity wherewith the project is caſt 
rom the point A is given; for it is equal to four 
mes the height from which a body muſt fall in 
er to acquire that velocity. Let AP be biſſected 
by the line KH, cutting it perpendicularly in G; 
tA erect AK perpendicular to AC, and let it be 
ontinued till it meets KH. From the point of con- 
durſe K, with the radius KA, let the circle AHP 
te deſcribed. This being done, let a right line as 
ICEI, be erected perpendicular to the horizontal 
Ine AB, ſo as to paſs thro? the mark C, and if poſ- 
ble to cut the circle in two points as E and I; 
IE and AI are the two directions, in either of 
ich, the project being caſt with the given velo- 
Ity will hit the mark. 

For, drawing the lines PE and PI, the angles 
AE and APE are equal, from the nature of the 
Ircle; and from the nature of parallel lines, the 

angles CEA and EAP are equal ; conſequently, the 
mangle AEC is ſimilar to the triangle PAE; and 
therefore PA is to AE, as AE to EC; where- 
tore multiplying, the extremes and means, and di- 


Wo A 1 
ding by EC, PA is equal to 200. In like man- 


rey 


Let A be the place from whence the project is Pl. 6: 
rown, C the mark ſituated in the line AC whoſe Fis- 
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LI e r. ner, the triangles PAI and CAL being ſimilar, P. 


So Alq ; Rag a 
i equal to 1 Wherefore, fince PA is eau; in 


to the parameter at the point A, it follows, fro 
the nature of the parabola, that thoſe parabol 
which the project deſcribes when thrown in the d 
rections AE and Al, muſt paſs thro” the point C 
conſequently, the mark will be hit by a proje 
thrown in either of thoſe directions. | 
| Whenever the mark is placed at ſuch a diſtang 
| from A on the line ACM, ſuppoſe at M, as thatth 


1 NMH which paſſes thro? the mar] 
comes a tangent to the circle at H, the mark! 
then at the utmoſt limit on the line AM, to whid 
a project thrown with the given velocity can read 
and there is but one direction, to wit AH, when 
with the mark can be hit; for it is evident that fn 
other direction muſt terminate in ſome point of th 
circumference above or below the point H; whend 
if a perpendicular be let fall to the horizontal lin 
AN, it muſt of neceſſity fall on this fide of HN 
with reſpect to A, and of conſequence, cut the lng... 
| AM in a point leſs diſtant from A, than is thay, 
| oint M. | | ' Wi 
| / The line AH, which denotes the direction of tit 5 
project, when thrown to the greateſt diſtance poi 
ſible on the line AM, biſſects the angle PAD 
which meaſures the viſible diſtance between tit en 
zenith or vertical point P and the mark M. For. 2 
by the nature of the circle, the angle MAH eie 
equal to the angle HPA; and foraſmuch as in HMnce 
triangles HPG and HA, the ſides PG and A ;. 
are equal by conſtruction, and GH common Mien 
both, and the angles at G right ones, the ang vat 


1 HPG is equal to HAG, conſequently, HAG He 
HAP is equal to MAH, that is, the angle PA ,, 
is biſſected by the line AH. ſſib) 

2 the 


| | get 
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nd the ſame things will obtain; to wit AI and 
E, will be the directions neceſſary to hit the mark 
C; and the line AH will bifſe& the angle PAM, 
thich meaſures the apparent diſtance between the 

ith and the mark; and the point M will be the 
moſt limit on the line AM, of a project thrown 
nth the given velocity; the demonſtrations of 
hich are exactly the fame as in the foregoing 


ſe. | | 
If the mark be placed on a level, the line ACM 


e 
de and become a diameter, the points K and G 
nciding. | | | 
In his dale the horizontal diſtance of the mark, 
wit AC or AB; is as the ſine of the doubled 
ole of elevation; or in other words, the hori- 
dntal range, or the diſtance to which a project is 
rown on the plane of the horizon with a given 
locity, is as the ſine of the doubled angle of ele- 
ation, | 
For AC; the horizontal range of a project thrown 
With a given velocity in the direction AE, is equal 

DE, the ſine of the angle AKE; but, from 
nature of the circle, the angle AKE is double 
angle APE, which is equal to CAE, the angle 
elevation; conſequently, AC, the horizontal diſ- 
Wice of the mark, or the diſtance to which a pro- 
Fi thrown on the plane of the horizon with a 
Wen velocity, is the fine of the doubled angle of 
evation, i 

Hence it follows, that in order to throw a pro- 
{ with a given velocity, to the greateſt diſtance 
ble on the plane of the horizon, the direction 
the projection muſt be elevated in an angle of 4.5 
grees z for, fince the fine of twice 45 or 90 de- 

N grees 


If the line ACM be ſituated below the horizontal LzcT. 
ine AN, which is the caſe when the mark is ſeated XI. 
n a deſcent; let all things be conſtructed as before, 2 


II coincide with the horizontal line ABN, and pl. 6. 
rameter AP, will paſs thro? the center of the Fig. 8 
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dom is ever equal to one half the parameter at the 


if the elevation of one be 60 degrees, and that 0 


or 7 nz MOTION or PROJECTS. 


grees is equal to the radius, and of conſequence, the 
greateſt of all the fines; and fince the horizontal 
ranges at the ſeveral angles of elevation are to one 
another, as the ſines of the doubled angles of eleva. 
tion, it is manifeſt, that the greateſt range, or as it 
is uſually called by gunners, the greateſt random, 
muſt be when the project is caſt in a direction whoſe 
elevation is 45 degrees; moreover, the greateſt ran. 


oint from which the projection is made; for the 
line AM, which expreſſes the greateſt random, | 
equal to the radius KH, or halt the diameter AP, 
which by the conſtruction, is equal to the parame- 
ter belonging to the point A; ſo that where the 
velocity with which a project is thrown is given, the 
utmoſt diſtance which that project can reach on tie 
horizontal plane, is likewiſe given; for it is equi 
to twice the height, from which a heavy body mult 
fall in order to acquire the velocity wherew1th tial: 
project is thrown ; the parameter belonging to tie 
point A, having been already proved equal tofc 
times that height. | 
A ſecond conſequence of the horizontal range 
being as the ſines of the doubled angles of elevatio 
is, that if two projects be thrown with equal vel 
cities, in directions whoſe elevations are equally dil 
tant from 4.5 degrees above and below, for inſtance 


the other 30, whereof the former exceeds 45 de 
grees, and the latter falls ſhort thereof by 15 de 
grecs, the horizontal ranges will be equal; or, 
other words, the two projects will fall on the plan 
of the horizon, at the ſamediſtance from the place0 


projection. For as the ſum of any two arches of We ci 
quadrant, whereof one exceeds 45 degrees, as mud * 
m 


as the other is exceeded thereby, is equal to a qua 
drant, it is manifeſt, that two ſuch arches are comſſÞ* fat 
plements to each other; wherefore, ſince by the i Juall 
ture of the circle, the fine of a doubled arch is equſ ent 
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ſo of conſequence muſt the horizontal ranges 
hich are proportional to thoſe fines. And thus it 


oſe Would conſtantly be, were it not for two cauſes which 
an · No in ſome meaſure diſturb this law of projects, fo 
the to make the horizontal ranges of the higher ele- 


the ions to fall ſhort of thoſe of the lower. 

„The firſt of theſe diſturbing cauſes is the air, 

AP, uch as it reſiſts, and thereby retards the motions 
projets, muſt, ceteris paribus, cauſe a greater 


tardation in thoſe motions which are of longeſt 
ntinuance 3 conſequently, ſince the higher the 
ration of the direction is, the longer is the time of 
e project's motion, as ſhall be ſhewn hereafter ; 
the directions wherein two projects are caſt with 
qual velocities, be equally diſtant from 45 degrees, 
e one above and the other below, the project which 
thrown in the higher direction, will be more re- 
led than that which is thrown in the lower; and 
courſe, will fall on the plane of the horizon ar 
leſs diſtance from the place of projection. 

The ſecond diſturbing cauſe, obtains with regard 
ſuch projects only as are thrown by the force of 
f. poder. As the force of the powder acts u * 
e ball during its continuance in he barrel, ſo 
likewiſe to ſome diſtance beyond the muzzle 
Id by ſo doing makes the ball to move forward in 
ght line, which line is commonly called the line 
impulſe of Fire ; at the end of which, the ball 
ting the blaſt of the powder, begins to move in 
e curve of a parabola. 

Now, tho? the air gave no reſiſtance to projects, 
t muſt the horizontal ranges of a ball ſhot out of 
dome ſame piece with equal charges, in two directions 
e naffuially diſtant above and below 45 degrees, be dif- 
quent on account of the different directions of * 
N 2 ine 


he Gne of its doubled complement, the ſines of LET. 
he doubled angles of two elevations equally diſtant Xl. 
om 45 degrees above and below, muſt be equal ; wy 
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Fig. 9. 


Fig. 8. 
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_ thrown according to the higher elevation; and 
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A, to diſcharge two equal balls with equal quanti. 
ties of powder, one in the direction AB, and the 
other in the direction AC, AB being as far above 
45 degrees, as AC is belowit; and let AB and AC 
denote the lines of impulſe of fire, ſo that at B and 
C the balls will begin to move in parabolic curves; 
from which points let fall the perpendiculars BD 
and CE; it is manifeſt, that AD, which is the 
fine of the complement of the higher elevation 
will denote that part of the horizontal range which 
is owing to the line of fire, when the projet is 


AE, the ſine of the complement of the lower ele 
vation, will be that part of the horizontal diſtance, 
which is owing to the line of impulſe when th: 
project is thrown according to the lower ek 
vation; conſequently, ſince the fine of the com 
plement of a leſſer angle is ever greater than that d 
a larger angle, the horizontal range of the low: 
elevation muſt exceed that of the higher, ſo th 
where projects are thrown with the ſame velocity h 
the force of powder, in directions equally diltan 
above and below 45 degrees, thoſe muſt range fat 
theſt which are thrown according to the lower el: 
vations, as well on account of the line of fire, as 
the reſiſtance of the air. 

The altitude to which a project riſes, is ast 
verſed fine of the doubled angle of elevation; i 
the proof of which, let AE be the direction of ti 
projection, and let AC or AB be biſſected in 
and from the point of biſſection erect the perpe 
dicular TR; ſince the point T is equally difta,,. 
from A, where the project begins its motion. 
from B, where the motion of the project ceaſe 
TR will be the axis of the parabola which the pt 
ject deſcribes z and, from the nature of the parabo 
will be biſſected in V by the principal vert}, 


wherefore, TV will be the height to which the p . 
* 
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ſince AT is one half of AC, TR is likewiſe one 


CE; wherefore, from the nature of proportionals, 
TV is as CE; but CE is equal to AD the verſed 
ine of the angle AKE, which by the nature of the 
ircle, is double APE; and APE is likewiſe, by 
e nature of the circle, equal to BAE the angle 
f elevation 3 wherefore, TV, or the height to 
rhich the project riſes, is as CE the verſed fine of 
e doubled angle of elevation; hence it follows, 
at the greater the elevation 1s, the higher the pro- 
ett will riſe, inaſmuch as the verſed fines of the 
doubled angles of elevation increaſe continually with 
e elevation, till at length the elevation becoming 
perpendicular, the verſed ſine of the doubled ele- 
ation becomes equal to the diameter, which being 
he greateſt of all the verſed fines, the altitude of 
e perpendicular projection muſt likewiſe be great- 
t; and it is equal to one fourth of the parameter; 
for, I ſhewed you in my lecture upon gravity, that 
If 2 body be thrown up with any velocity, it will 
riſe to the ſame height, from whence if it fell from 
a ſtate of reſt, it would by the end of the fall ac- 
ire the ſame velocity wherewith it is thrown up; 
and in this lecture I proved, that the velocity where- 
with a project moves in any point of the parabola, 
I oi wi the velocity acquired by a heavy body in 
filling down the fourth part of the parameter be- 
longing to that point; confront a project thrown 
wp with a given velocity from the point A, will rife 
to a height equal to the fourth part of the parame- 
ter belonging to that point. Hence it appears, that 
the greateſt height of the perpendicular projection, 
equal to half the greateſt random, inaſmuch as 
the greateſt random has been proved equal to half 
the parameter belonging to the point A. 
The time of the ig t of a project thrown with 
given velocity, is as the ſine of the angle of eleva- 
| N 3 tion; 


ect riſes; but, from the nature of ſimilar triangles, Lx c r. 
alf of CE, and conſequently, TV one fourth o.. 
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LIZ r. tion: for inſtance, the time of the flight of a pro. 
XI. ject thrown with a given velocity in the direction 
AE, is as the fine of CAE, the angle of eleyz 


parabola from A to C, by virtue of its uniform mo- 


tion in the direction AE, and of its accelerated mo- 
tion in the direction EC, it is evident, that the 
time of its flight thro* the parabola, muſt be equi 
to the time of its uniform motion from A to E;M 
but as the velocity is given, the time of the motia ;; 
from A to E, muſt be as the ſpace deſcribed, that 
is, as AE; or by the nature of proportionals, as one 
half of AE ; but AE being the chord of the arc 
AE, which meaſures AKE, the doubled angle d 
elevation, one half of AE is equal to the fine « 
half the arch AE, that is, to the ſine of the ard 
which meaſures CAE, the angle of elevation; con- 
ſequently, the time of the flight is as the ſine of th 
angle of elevation. Hence it follows, that th 


5 
n 
tion; for ſince the project moves thro? the curve of g 
V 
fe 
b 


| pra the elevation is, the longer the time of te y 

flight will be; as alſo that the time of the perpe- v 
dicular flight is greateſt of all, the ſine of the pe-. 
pendicular elevation being equal to radius. 

If the velocity wherewith a project is thrown be h 
required, it may be determined from experimensi i; 
in the following manner: by the help of a pendulum p. 
or any other exact chronometer, let the time of the 
perpendicular flight be taken; then, foraſmuch uM m 

the times of the aſcent and deſcent are equal, the he 
time of the deſcent muſt be equal to one half of th th 
time of the flight, conſequently, that time will bei to 
known; and, foraſmuch as a heavy body deſcencs m 
from a ſtate of reſt at the rate of 16 feet in the fi pe 
ſecond of time, and that the ſpaces thro? which bo af 
dies deſcend are as the ſquares of the times; if ve bu 


ſay, as one ſecond is to ſixteen feet, ſo is the ſquare th 
of the number of ſeconds which expreſs the time o ex 
the deſcent of the project, to a fourth proportional, pr 
we ſhall have the number of feet thro? which the 


Py 
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Pro- project fell, which being doubled, will give us theL z c T. 
tion number of feet which the project would deſcribe in XI. 
eva the ſame time with that of the fall, ſuppoſing it 


of 2 moved with an uniform velocity, equal to that 
mo-o which ĩt acquired by the end of the fall; which laſt 
mo-o found number of feet, being divided by the num- 
tte ber of ſeconds which expreſs the time of the pro- 
qui jelt's deſcent, will give a quotient, cxpreſſing the 
number of feet thro? which the project would move 
£1018 in one ſecond of time with a velocity equal to that 
tn BY which; it acquired in its deſcent, which velocity is 
On Bl equal: to the velocity wherewith the project was 
thrown up; canſequently, the velocity wherewith 
a de project was chrown up is diſcovered, To illuſ- 
© 008 crate this by an inſtance, Jet us ſuppoſe half the time 
na of the perpendicular flight to be 8 ſeconds ; then, 
as One is to 16, ſo is 64, the ſquare of 8 ſeconds, to 


| 1024; which being doubled, and then divided by 
de s, gives 256 in the quotient; which ſhews that the 
the project was thrown upward with ſuch a velocity as 
oy would carry it, ſuppoſing it moved uniformly, at the 
ente of 256 feet in one ſecond of time. 

Perhaps it may he objected, that the method here 
eB nid down for diſcovering the velocities of projects, 
wi is founded on experiments in which projects are ſup- 
un poſed to move freely without any letor impediment, 
wel whereas the air reſiſts and retards all projects in their 
| "WF motions, ſo as not to ſuffer them toriſe to the ſame 


height, or to return with the ſame velocity, that 
they would in caſe they moved in vacuo z in anſwer 
to which, it muſt be confeſſed, that in the experi- 
ments here made uſe of, the air does reſiſt and im- 
pede the motions of projects, ſo as to ſhorten their 
aſcent, and to leſſen the velocity of their return; 
but then this does very little affect the truth of 
yl the concluſions which are gathered from theſe 
experiments concerning the velocities, wherewith 


* projects begin their motions; for, as in the method 
q 73 N 4 laid 
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Le r. laid down, the only thing n to be kn 
XI. from experiment, is the true time of the flight d 
wy project, ſuppoſing it to move in vacuo; if t 


_ termined, notwithſtanding the reſiſtance of the i 
but the time of the flight of a project thrown d 


fore, the time of the flight in vacuo is got, 
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time can be had from theſe experiments, the velo 
ty wherewith the project ſets out may be rightly 


rectly upward, is very nearly the ſame in vacuß: 
in the air; for, as much as the time of a projet 
aſcent is ſhortened by the reſiſtance of the ait, 
much very nearly is the time of its deſcent lengt 
ned by the ſame reſiſtanee, conſequently, the who 
time of the flight in the air muſt be very nei 
equal to the time of the flight in vacuo z and ther 


taking the time of the flight in air. 
Degrees. Sines. Verſed fines. 
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malt; the 


s concerning projects made with a ſmall LE Or. 
tength of whoſe chaſe was 51 inches; XI. 


the diameter of '' the ball and chaſe 31 intbes 


bt of the hollow ball 2 3000 grains; length 
Th e 2 inches, and its diameter inch. 
Quantity” of | Degrees of Horizon Times of the 
' powder in eleva - | tal ranges flights in half 
tion. in feet. ſſeconds. | 
————J — — — — 
e ee 
50 45 150 b 
60 60 120 8 
60 90 11 
90 8 30 200 6 
90 45 220 8 
90 60 200 95 
90 90 * 
75 4 | 
120 30 420 9 
120 45 450 11 
BS | 60 300 I2z 
| 120 | 9o 3 
| 140 45 660 15 
5 0 | | 18 
© 06 
180 30 1000 13 
180 45 1100 17 
180 60 9oo 21 
180 90 26 
240 | 45 | 17950 | 20 
240 /- | - 6 1390 25 
240 | 2 32 
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LZ er. IN this lecture I ſhall gi 
XII. 
o other FLUID, as are commonly called Liqy1n,, 


of ſolid bodias. But bg this as it will, moſt cert 


Or HYDROSTATICKS, 


di 

LECTURE XI. n 

4 | 3 ex 
Or HYDROSTAITCKS, . 


ve you an account of th 
gravitation and preſſure of WAT x R, and ſuc 


A id in general is body, whole parts yi 
to any force jmprefſed, ; and in yielding are ei 
moved one among another. 9 

The minute ri fluids 4 not ſeem t 
differ from thoſe of ſolid bodies; inaſmuch as flu 
and ſolids arg frequently convertefl into one ar 
ther. Thus water and , watery flujds are by al 
changed into ice; which by heat js again redue 
to its fluid ſtate. Metals of all kinds being mel 
become fluid, and upon cooling grow ſolid agi 
The moſt ſolid and ponderous woods, as alloik 
hardeſt ſtones may by the force of fire, in a grit 
meaſure be converted into water, as is well knon 
to the chymiſts. And there are not wantingin 
ſtances in nature of the groſſeſt bodies being tune 
into the ſubtile fluids of air and light, and tilt 
again into groſs bodies. Which changes can ſcare 
ly be accounted for, unleſs we me an the minute 


particles of flyids to be of the ſame pature with tic 


it is, that fluids as well as ſolids conſiſt of het 
particles, whoſe gravity is ever proportional to tht 
quantity of matter which they 3 This hy 


ing been found as far as Eæxperiencexreaches to betbe 
univerſal property of matter, whatever be the fa 


under which it appears; Moſt indeed of the an 
tient naturaliſts, not being ſenſible of any weight "NF g 
preſſure from the air about them, or from the is 
cumbent water when immerſed therein, were of op 
nion, that the parts of one and the ſame eleme" 
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did not gravitate one upon another; which opinion LR Or. 
has · been exploded by the moderns as erroneous; XII. 
and that it is fo, will appear from the following 
experiment. | 
Let an empty phial cloſe ſtopped and immerſed Exp. r: 
in water, be ſuſpended from one end of a ballance 
and poiſed ; then let the 2 be taken out, that 
the water may run in, the phial upon receiving the 
water will preponderate, and bear down the arm of 
the beam from which it hangs ; which evidently 
proves, that the parts of water retain their gravity 
in water, ſo as to preſs and bear down upon the 
parts beneath them ; otherwiſe the phial would not 
decome heavier upon the admiſſion of the water. 
From the gravity of the parts it follows, that 
ſetting aſide all external impediments, the ſurface 
of a liquid contained in a veſſel muſt be ſmooth and 
level ; for ſhould any part ſtand higher than the 
reſt, it muſt deſcend by the force of its gravity, 
and in ſo doing, ſpread and diffuſe it ſelf till it 
comes to be on a level with the other parts. As the 
gravity of the parts reduces the upper ſurface to a 
vel, ſo does it likewiſe occaſion a preſſure on the 
lower parts, greater or leſs in proportion to their 
depth below the ſurface, each part ſuſtaining a preſ- 
ſure equal to the weight of all thoſe which lie above 
it; whence it follows, that the parts which are at 
equal depths below the ſurface, are equally preſſed, 
and of conſequence muſt be at reſt, contrary to the 
opinion of thoſe, who make the nature of fluidity 
MW to conſiſt in the _ motion of the parts 
one among another. uld this equality of preſ- 
ure at any time be deſtroyed, then indeed a motion 
will ariſe in the parts of the fluid, and continue till 
the preſſure becomes equal again, as may ap 
from the following experiment ; whereby the truth 
of what has been ſaid concerning the preſſure of 
the ſuperior parts of fluids on thoſe beneath them, 
will likewiſe be confirmed. 
| Take 


| 
| 
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Leer. Take a glaſs tube open at both ends, and ſtop. 
XII. ping one end with a finger, immerge the other in 
water to any depth whatever; upon the immerſion, 
Exp. 2- the water will riſe in the tube, but the height to 
which it riſes, whilſt the upper orifice continues 
ſtopped, will be but ſmall ; but upon removing the 
finger, it will riſe to the ſame height with the 


water without.“ 


When the tube is immerſed, that portion of wi 
ter which lies beneath the orifice ceaſes to be equal. 
ly preſſed with the other portions that are at the 
{ame depth; for that portion bears no other prel- 
ſure than what ariſes from the ſpring of air included 
in the tube, (which preſſure is equal, as ſhall be 
ſhewn hereafter, to the preſſure ariſing from the 
* weight of the external air) whereas, the other por. 
tions do not only bear the preſſure of the air, but 
likewiſe the weight of the incumbent water; foral- 
much therefore, as the portion of water which lies 
beneath the orifice, is preſſed down leſs forcibly than 


the adjacent portions, it mult give way 


and riſen 


the tube, but the height to which it riſes, whilſt the 
upper orifice of the tube continues ſtopped, can be 
but ſmall; becauſe, as the water riſes it compreſſes 
the air in the tube, and thereby ſtrengthens its ſpring, 
ſoas to make it preſs with greater force; and when 
the air is ſo far compreſſed by the riſing water, 2 


that the force of its ſpring, added to the weight of 


the elevated water, makes the ſame preſſure on that 
portion of water which Jigs beneath the orifice, 4 
the joint weight of the atrWſphere and external wa- 
ter does on the other portions, which are at the 
ſame depth with the former, then the water ceaſes 
to riſe. Upon opening the upper orifice of the 
tube, by the removal of the finger, the compreſſed 


air finding a paſſage thro? that orifice, expan 


ds and 


dilates it ſelf till it becomes of an equal denſity wit 
* The water is tinged of a fine blue purple colour with 3 


few grains of Sal Armoniac and Copper. 


the 


th 


8 SQ. S. 8 58 


S .o 


of 


Or HYDROSTATICKS. 


the external air by which means, the preſſure ari- LR e r. 
ing from the condenſation of the air is taken off, XII. 
and of conſequence, the water which lies beneath wed 


the orifice is leſs preſſed than the adjacent portions, 
and for that reaſon muſt riſe, and continue ſo to do, 
till the elevated water in the tube gravitates as for- 
cibly on the water beneath the 8 the exter 
nal water does on the neighbouring portions; but 
this it cannot poſſibly do, till it comes to be of an 
equal height with the external water. 

Should a lighter liquid be poured on the external 
vater, the water within the tube will riſe yet higher 
than before; and the height to which it riſes above 
the ſurface of the external water, will be ſo much 
kſs than the height of the lighter liquor above the 
fame ſurface, by how much the ſpecifick gravity 
of the water exceeds that of the lighter liquor; for 
inſtance, if the ſpecifick gravity of the water be to 
the ſpecifick gravity of the lighter liquor, as two to 
one, the height of the water in the tube above the 
level of the external water, will be to the height of the 
lighter liquid, as one to two; becauſe in that caſe, one 
part of water makes an equal preſſure with two partsof 
the lighter liquid. To illuſtrate this by an experiment. 


Let oil of turpentine, whoſe ſpecifick gravity is Exp. 3. 


to the ſpecifick gravity of water, as 83 to 100, be 
poured on the external water to the height of 8 
inches and an half, and the water will riſe in the 
tube to the height of 7 inches and rd above the le- 
vel of the external water; that is, the heights of 
the water and oil will be in the reciprocal propor- 
tion of their ſpecifick gravities; for 7 and x5 1s to 
8 and 4, or, which is the ſame thing, 73 is to 85, 
very nearly, as 83 to 100, | 

The ſame thing is in like manner confirmed by 
the following experiment. 


Let one end of a ſmall tube open at both ends, Exp. 4. 


be immerſed in mercury contained in a larger tube, 
and let water be poured upon the mercury in the 
larger 
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Lz cT,larger tube to the height of 34 inches; the mercury 


XII. will riſe in the ſmaller tube to the height of 2 in- 
rn ches and an half above the level of the mercury in 


word, in all kind of directions whatever; otherwik 
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the larger tube; ſo that the height of the, mercury 
in the ſmaller tube above the level of the mercury 
in the larger, will be to the height of the water 
above the ſame level in the reciprocal proportion 
of their ſpecifick gravities; for 2x is to 344 as I to 
135, which numbers expreſs the proportion of the 
ſpecifick gravity of water to that of mercury. 
The preſſure which the lower parts of a liquid 
ſuſtain from the weight of thoſe which lie above 
them, exerts it ſelf every way in all manner of di 
rections, and that equally ; or in other words, what. 
ever be the force wherewith a drop of any liquid 
prefied downward by the weight of the incumbent 
liquid, with the very ſame force is that drop preſled 
upward, as alſo laterally and obliquely, and in 2 


the drop, which from the nature of fluidity, readily 
yields and gives way to any impreſſion, mult by 
reaſon of the preſſure from above move out of its 
place; but this it cannot poſſibly do, becauſe the 
drops all around it being equally preſſed from above, 
do on all ſides reſiſt the motion of that drop, with 
the ſame force that it endeavours to move; conſe- 
quently, the drop muſt continue at reſt, and be 
preſſed on all ſides with the ſame force that it is 
from above; and what has been thus proved of one Wn: 
drop, is in like manner demonſtrable of all the reſt; Wig 
and therefore, the preſſure on the lower parts of a ſk 
liquid exerts it ſelf equally every way, as will ap- Wa 
pear from the following experiment. det 
Let four tubes open at both ends be immerſed in the 
water to the ſame depth, their upper orifices being 
firſt ſtopped, and let the lower orifices be ſo ſitua- for 
ted, as that the water in entring may move directly be 
upward in one, and directly downward in another, 
obliquely 
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in Water, as being preſſed in the ſeveral directions with 
ury Wl force equal to the weight of the incumbent 
ur}: iter, - | 

ater W From the preſſure of liquids upwards it is, that 


lid bodies ſpecifically lighter than liquids, are 
ade to aſcend when immerſed therein. For when 
ſolid body is immerſed in a liquid, it preſſes that 
art of the liquid whereon it reſts, with a force equal 
the weight of a column compoſed of the body it 
If, and that portion of liquid which lies upon it; 
d the water preſſes upward againſt the body, with 
force equal to the weight of a like column of the 
quid alone; which force, inaſmuch as the liquid is 
avier than the ſolid, muſt overcome the force 
herewith the body preſſes downward, and of con- 
quence, the body muſt riſe with the difference of 
oſe forces; as ſhall be ſhewn more fully in my 
ext lecture. If by any contrivance the preſſure of 
he liquid from beneath can be taken off, a body 
0 ſpecifically lighter will not riſe in a liquid, but 
main immerſed, as in the following experiment. 


th frical piece of wood, and another plate of the ſame 
ze and ſhape being fixed in water; let the cylin- 
ler be totally immerſed, and let its plate be laid up- 
n the other in ſuch a manner, as that no water 
iy get between; the cylinder tho? ſpecifically 
I'ghter will remain beneath the water, being preſſed 
a own by its own weight and that of the incumbent 
p- Mater, whilſt the contrary preſſure of the water from 
Peneath, is kept off by means of the plate whereon 
in the cylinder reſts. 
's . As bodies ſpecifically lighter than liquids, are 
a- forced up, on account of the preſſure from below 
being greater than the force wherewith the bodies 


preſs 


liquely in a third, and horizontally in the fourth; LzxcT. 
on opening the upper orifices, the water will riſe XII. 
all of them to the ſame height with the external 


A braſs plate being joined to one end of a cylin- Exp. 6. 
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LI e r. preſs downward ; fo on the other hand, bodies ſpe 
XII. cifically heavier muſt fink, becauſe the force when 
| Lyn with they preſs downward exceeds the preflure fro 
| beneath which oppoſes their deſcent; and the fe 
wherewith they deſcend is equal to the difference of 
thoſe forces ; as ſhall likewiſe be ſhewn in my 
lecture. If by any contrivance thoſe two forcy 
can be reduced to an equality, then the bodies vi 
| not deſcend but remain ſuſpended ih the liquid, x 
| in the followi eee 8 on | 17 N 
| A et a braſs plate, whoſe ſpecifick gravity is t 
_ that of water, 5 9 to 1, be adapted to the neck 0 
| a glafs veſſel in ſuch a manner, as that being im- 
| tnerſed in water no px of the water may get upol 
1 its upper ſurface ; let it then be immerſed to the 


- 


1 
: 


— — 


| depth of nine times its own thickneſs, (that is, tv 

| the depth of two inches and x8, the thickneſs of the 

| plate being +3 of an inch) and it will remain ful 

pended ; but upon pouring ever ſo little water upor 

| its upper ſurface, it will immediately deſcend and 
| fall to the bottom. | 

The plate being immerſed to the depth of nine 

times its own thickneſs, is preſſed upward by a force 

equal to the weight of a column of water, whole 

height is nine times as great as the thickneſs of the 

plate; which weight inaſmuch as the ſpecifick gr 

vity of the water is to that of the plate, as 1 to, 

is equal to the weight of the plate, that is, to the 

force wherewith the plate preſſes downward; for 

none of the water lies on its upper ſurface, it ca 

preis downward with no theHfiee than whatariſe 

from its own gravity z conſequently, in this caſe, 

the force which reſiſts the deſcent, is equal to the 

force which promotes it, and of courſe, the plate 

muſt remain in its place. When a little water 8 

poured on the plate, the weight of that added to the 

weight of the plate, overcomes the reſiſting force ſha 

Exp. 8. of the water, and cauſcs the plate to deſcend. Should 

tte plate be immerſed to twice the former 0p. 
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ſpe: 
hm 
fro 


louble the former, ſo likewiſe is the force where- 
ich the water preſſes upward ; conſequently, that 
nice is ſufficient to ſupport twice the weight of the 
late; and therefore will ſuſtain the plate when load- 
| with water, to the height of nine times its own 
hickneſs, ſuch a quantity of water being juſt equal 
weight to the plate; 
If by pouring on more water, the force where- 
th the plate preſſes downward be increaſed, or by 
ifing the plate nearer to the ſurface of the water, 
e force where with the water preſſes upward be di- 
niniſhed, the plate will fall to the bottom; and on 
other hand, if by immerſing the plate to a great - 
depth, the preſſure of the water upward be in- 
reaſed, the plate will be thruſt upward againſt the 
dals, and would actually aſcend were it not hin- 
red by the glaſs. A + 

From what has been ſaid it follows, that if S be 
ut to denote the number expreſſing the ſpecifick 
ravity of the plate, that of water being unity; D 
e the depth to which the plate is immerſed expreſſed 

the thickneſs of the plate, and H the height 
If the water upon the plate expreſſed likewiſe in the 
hickneſs of the plate; D muſt be equal to the ſum 
fSand H in all caſes where the plate remains ſuſ- 
pended ; and if there be no water upon the plate, 
ten D and S muſt be equal; wherefore, if in the 
former caſe, D be greater than S and H taken to- 
ether, or in the latter, than S alone, the plate will 
alcend, if not hindered by the glaſs ; and on the o- 
ter hand, if D be leſs, the plate will deſcend and 
fall to the bottom, „ebe. | 

The preſſure which the bottom of a veſſel ſuſ- 
ans from a liquid contained in it, whatever be the 
ſhape of the veſſel, is equal to the weight of a pil- 
h, lr of the liquid, whoſe 1 is equal to the area — 

f 8 


de of 


t will not deſcend tho' loaded with water to the Lz r. 
aght of nine times its own thickneſs z for as in XII. | 
his caſe, the depth to which it is immerſed i , = 
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IL er. the bottom, and whoſe height is the ſame with the 
NI. perpendicular height of the liquor. 
— 


ED 


Exp. 9. 
Pl. 6 
Fig. 10. 
11. 
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That this is the caſe in veſſels that are equally 
wide from top to bottom, is plain and ohvious; in- 
aſmuch as the bottom of every ſuch veſſel does ac- 
tually ſuſtain ſuch a pillar of liquor. But that the caſc 
ſhould be the ſame in irregular veſſels, is not ſo eaſy 
to conceive ; for inſtance, that in a veſſel which 
from a large bottom grows narrower as it riſes, 
ſo as perhaps at length to be contracted into a 
tube, the bottom ſhould bear the ſame preſſure 
when the veſlel is filled, as it would were the veſſel 
equally wide throughout from bottom to top, ſeems 
ſtrange and ſurprizing, and yet it is what neceſſary 
follows from the nature of fluidity ; for that part, 
of the bottom which lies directly beneath the tube, 
ſuſtains the weight of a pillar of liquor which reache 
to the top of the tube, the veſſel being ſuppoſed v 
be full, and being preſſed with the weight of that 
pillar, reacts with an equal preſſure on that portion 
of the liquor which touches it; and that prel 
ſure, inaſmuch as it exerts it ſelf equally in the l. 
quor every way, is propagated laterally thro? thc 
ſeveral portions of liquor which are contiguous to 
the bottom of the veſſel; and foraſmuch as this | 
tera] preſſure does in like manner exert it ſelf equal-W 1. 
ly every way, the bottom of the veſſel muſt be equal-W;;. 


— A — wed +» woo 


up». 2. 


| <> 


x preſſed in every point; conſequently, ſine ¶ ey. 
2 


t portion of it which lies beneath the tube, bears pre 
a preſſure equal to the weight of a pillar of liquor, the 
whoſe height reaches to the top of the veſſel, every of 
other equal portion muſt bear a preſſure equal to the qu: 
ſame weight; and of courſe, the whole bottom muſt i ve 


be preſſed as forcibly, as if the veſſel continued of vit 


the ſame wideneſs to the top, and was filled with Jar 
the liquor. | 

To confirm this by an experiment. Let there 
be two glaſſes open at both ends, and of ſuch ſhapes 
as are exhibited in the two figures, whoſe lower 715 
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he MN ate cylindrical and equal, and of à capacity LE 
juſt ſufficient to admit the braſs plate made uſe of in XII. 
ly WY the Hiſt experiment 3 which muſt be fitted to each 
of them ſucceſſively, in order to conſtitute two veſ- 
ſels of equal bottoms, but of different capacities; 
and being ſo fitted, let it be immerſed in water, 
15 in the laſt experiment, to ſuch a depth, as 
that it will be neceſſary to load it with water in or- 
der to make it fink that is, let the depth be more 
than nine times the thickneſs of the plate, which 
depth muſt be the ſame in both caſes ; let then 
water be poured on the plate, and let it be obſer- 
red what height of water is requiſite to force down 
the plate when the wider veſſel is made uſe of, and 
t will be found, that the ſame height will ſuffice 
inthe narrower veſſel ; conſequently, the ſmall pillar 
of water in the narrower veſſel, muſt preſs the plate 
vith a force equal to the weight of a pillar of water 
of the ſame height, and of a baſe equal to the area 
of the plate; for ſuch a pillar does actually preſs 
the plate in the larger veſſel, as is evident from the 
bare inſpection of the figure, and the preſſures made 
on the plate in both veſſels are equal, inaſmuch as 
1. overcome equal reſiſtances. | 
rom what has been ſaid it appears, that where 
the baſe of a veſſel is given, the preſſures upon it 
are as the perpendicular heights of the liquid, what- 
ever be the ſhape of the veſt. And univerſally, the 
preſſure of any baſe is meaſured by the product of 
the area of that baſe into the perpendicular height 
of the liquor above it, without any regard to the 
quantity of liquor contained in the veſſel ; ſo that if 
we 1 — a hogſhead ſet on one end, and filled 
with a liquor, and a ſmall pipe to iſſue perpendicu- 
larly upward from the other end to any height 
whatever, and to be filled with the ſame ere 
the bottom will be as ſtrongly preſſed, and be in 
u much danger of burſting out, as if the hogſhead 
ann O 2 Was 
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Le r. was continued tothe ſame height with the pipe, an 
XII. filled with the liquor. . 

As. the bottom of a veſſel bears a preſſure pre 

portional to the height of the liquor, ſo likewiſe 

thoſe parts of the ſides which are contiguous to ti 

bottom; becauſe the preſſure of fluids is equal even 

way. And as the preſſure which the lower parts 

a fluid ſuſtain from the weight of thoſe above then 

exerts it ſelf equally every way, and is likewiſe pr 

portional to the height of the incumbent fluid, the 

ſides of a veſſel muſt every where ſuſtain a'preſſur 

proportional to their diſtance from the upper ſu 

face of the liquor. Whence it follows, that in 

veſſel full of liquor, the ſides bear the greateſt ſtrel 

on thoſe parts next the bottom, and that the ſtre 

upon the ſides decreaſes with the increaſe of thed 

tance from the bottom, and in the ſame proportion"? 

ſo that in veſſels of a confiderable height, the lon 

parts ought to be much ſtronger than the upper 

that they may be able to withſtand the great 
preſſure. | JOINS! 
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Lec 11 N this lecture I ſhall explain to you, that pat 
XIII. of HyDRoSTATICKsS which is of uſe in diſco” 
Lym yering the denſities and ſpecifitk gravities of bodies. Nen 
The DensrTY of any body is meaſured by there 
| propertns which its quantity of matter bears to ic 
Ik. For the 'more numerous the particles 0 
matter are in proportion to the ſpace which thi 
poſſeſs, the greater is the denſity of the body; ant 
the fewer particles, the leſs the denſity ; where 
fore, putting D to denote the denſity of a A 
it 
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D= ; and foraſmuch as the quantity of matter 


in any body is ever proportional to, and meaſured 
y the 77 as I ſhewed in my lecture upon gra- 

ity; if inſtead of the quantity of matter the weight 
of the body be ſubſtituted, and if that weight be 


denoted by W, then D= that is, the denſity 


$45 the weight of the body directly, and the mag- 
itude mverſly. 

By the ſpecifick gravity of a body is meant the 
mvity peculiar to that ſpecies of matter, whereof 
he body is a part; and it is meaſured by the pro- 
portion of the abſolute weight to the bulk; which 
roportion in one and the ſame kind of matter, re- 
ains unvaried; and in different kinds, as this pro- 
portion is greater or leſs, ſo is the ſpecifick gravity 
ich is meaſured by it. Let S denote the ſpeci- 
ek gravity of a body, its weight and magnitude 
ting denoted by W and M as before; then, from 


hat has been ſaid, == and by conſequence, 


ice D is likewiſe==5; , S=D 3 that is, the ſpeci- 
ick gravity of a body is as its denſity. And there- 
ore, by finding out the proportion which the ſpe- 
fick gravities of bodies bear to one another, the 
uroportion of their denſities is likewiſe diſcovered ; 
iſco er which reaſon I ſhall take no farther notice of the 
ie. Wenfities of bodies, but confine my ſelf to the conſi - 
/ theſſſcration of their ſpecifick gravities alone. : 
ro 1 When a ſolid body is immerſed in a liquid, it 
es oreſſes downward, and endeavours to deſcend by 
te force of its gravity z but foraſmuch as it cannot 
 and*!cend without moving as much of the liquid out 
its place, as is equal to it in bulk, it is manifeſt 
O3 that 


och 
Qu 


) its quantity of matter, and M its magnitude, Le Or. 
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| L xc T.that it is reſiſted, and, as I may ſay, preſſed upward 


the ſpecifick gravity of the ſolid, be greater than 
that of the liquid, that is, if the ſolid weighs more 
than an equal bulk of the liquid, the body will de- 
ſcend with a force equal to the exceſs of its gravity 
above the gravity of the liquid ; on the other, hand, 
if the gravity of the liquid exceeds that of the fo; 
lid, the body being as it were preſſed, npward by a 
force greater than that whereby it endeavours togo 
down, will aſcend with the difference of thoſe forces, 
that is, with a force equal to the excels of the ſpeci. 
fick gravity of the liquid above that of the ſolid. 
When the ſpecifick gravities are equal, the body 
will neither riſe nor fall, but remain ſuſpended at 
any depth; being preſſed as ſtrongly upward by the 
reſiſting force of the liquid, as it is downward by 
its own weight, Hence it follows, that if by any 
contrivance the ſpecifick gravity of a ſolid can be 
varied, ſo as to be one while greater, another leſs, 
and then equal to the ſpecifick gravity of a liquid 
wherein it is immerſed, the body will fink, or riſe, 
ar remain ſuſpended according to the variation ofits 
2 gravity. And this is the caſe in that lu- 
icrous experiment of the little glaſs images in wa- 
ter, which are made to deſcend, or riſe, or remain 
ſuſpended at pleaſure ; the reaſon of which I ſhall 
explain to you, after you have ſeen the experi- 
ment. W 
The images being ſet to float on the water, the 
top of the veſſel muſt be covered with a bladder 
cloſely bound about the neck of the veſſel, to the 
end that the air, which lies upon the ſurface of the 
water, may not force its way out when it is con- 
denſed by the hand preſſing on the bladder. The 
images themſelves, tho? lighter, are yet nearly of 
the ſame ſpecifick gravity with the water, and be- 


ing hollow, are full of air, which by means of ſmall 


XIII. by a force equal to the weight of ſuch a portion of 


che liquid as is equal to it in bulk; conſequently, if 
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d holes in their heels communicates with the air with- LE OT. 
of WI cnc; © When the air which lies beneath the bladder XIII. 
it preſſed by the hand, it preſſes on the ſurface of wayne 
n the water 3 and foraſmuch as the preſſure is propa- 

e gated thro? all the water, thoſe portions which are 

©: Ml contiguous to the heels of the images, are thereby 

Y Wl forced-into the holes, by which means the air with- 

0h in is'condenſed, and at the ſame time, the weight of 

0: Wl the irpages is increaſed by the additional weight of 
ache influent water. And when ſo much water is 

0 Wl forced in, as to render the ſpecifick gravity of the 

5 Wl images greater than that of the water, the images 

- Wl defcend and fall to the bottom; where they remain 

15 long as the preſſure above continues; but when 
dat is taken off by the removal of the hand, the 

at condenſed air in the images dilates and expands it 

nc elf, and in fo doing, drives out the water; upon 
which account the images become (| pecifically light- 

1} WW than the water, and of courſe aſcend. As the 

be preffure on the bladder is greater or leſs, ſo muſt the 

„ WM quantity of water which is forced into the images: 

id and therefore, whenever it happens that during the 

, Wl cent or deſcent of an image, ſuch a preſſure is 

5 made as ſuffices to force in juſt as much water as is 

4" Wl requifite to reduce the image to the ſame ſpecifick 

* Wl gravity with the water, the image ſtops and remains 

n ſuſpended, upon increaſing the preſſure it deſcends, 

al WF and aſcends if the ſame be leſſened. Some of the 
images begin to deſcend ſooner, as alſo to riſe later, 

than others, for one or both of theſe reaſons ; firſt, 


he becauſe ſome are ſpecifically heavier than others; 
ler and, ſecondly, | becauſe the cavities in the legs are 
he greater in ſome images in proportion to their mag- J 
he YN nitudes, than they are in others; upon both which 
he accounts, a leſs preffure is requiſite to make ſome 


c deſcend, and to keep them down, than what is ne- 
o If ceffary to produce the ſame effects in others. For, 
ff felt, let us ſuppoſe the ſpecifick gravities of two 

' g I 1.3 0 4 3 101 "images 
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L x r. images to be different, but the cavities in their legs, 
XIII. when taken of a given height, to be propertional 
3. o their reſpective magnitudes; ſince theair is equal. 
ly denſe in both images, it is manifeſt, that ĩt gives 
the ſame oppoſition in both to the influent Water; 
conſequently, the water when forced in by the preſſurt 
from above, muſt riſe to equal heights in the cavi-! 
ties of both: ſince therefore the cavities ' whoſe: 
heights are equal, are ſuppoſed to be proportionalts! 
the magnitudes of rhe images, it is manifeſt,” that! 
the quantities of water contained in- thoſe' cavities! 
mult be ſo too; conſequently, each image receive! 
an addition of weight from the influent water pro- 
portional to its magnitude; or in other words, the 
ſpecifick gravities of the two images are equally 
augmented : foraſmuch therefore as ons of the 
images is ſuppoſed to be ſpecifically heavier than the 
other, it is evident, that when the ſpecifck gravity 
of the former has received ſuch an addition, from 
the influent water, as makes it a little exceed the 
ſpecifick gravity of the water, the ſpecifick gravity 
of the latter muſt fall ſhort thereof; conſequently, 
- former muſt fink and leave the other 3. 
ve. 19 
Secondly, Let us ſuppoſe the ſpecifick . gravi 
ties of the two images to be nh py but let one the 
image be leſs in proportion to the cavity in its leg; ¶ dir 
than the other is in proportion to its cavity, they 
height of the cavities being given; fince the water 
does from the ſame preſſure riſe to an equal height} 
in both, it is plain from what I juſt now ſaid, I che 
that the former muſt receive a greater quantity o bul 
water in proportion to its magnitude, and conſ-Wcari 
uently, a greater addition to its ſpecifick gravity ra 

than the latter, and of courſe muſt deſcend 

ſooner. £60 33 033) VIS 07-28. TiO! 21 YH 

From what has been faid-it follows, that if tht 
proportion which the cavity in the legs bears 0 
the magnitude of the image be given, the * JF 
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g Ne ſpecifick gravity of the image is, the more apt L x c T- 
1 vill bezto deſcend; conſequently, in this caſe the XIII. 
al-Wotitude or promptneſs of an image to deſcend is 


S&roportional to, and may be expreſſed by, the ſpe- 


ves 
er; {Wick gravity; In like manner, if the ſpecifick 
Net y be given, the greater the proportion is which 


be cavity in the leg bears to the magnitude of the 
nage, the more apt the image is to deſcend z and 
ere fore in this caſe, the aptitude is proportional 
0, and may be expreſſed by, the cavity applied to 
he magnitude of the image. But if neither the 
ecibick gravity of the image, nor the proportion 
if the cavity to the magnitude of the image, be gi- 


en, the aptitude of an image to deſcend, is as the 
ly ecißck gravity into the cavity applied to the mag- 


nude of the image; that is, putting A to denote 
he aptitude, S the ſpecifick gravity of the image, 
the cavity in the leg, (the height whereof is al- 
ys ſuppoſed to be given). and M the magnitude 


f the image 3 A=S 3 or, ſubſtituting the abſo- 
lute weight of the image applied to its magnitude, 
n the room of the ſpecifick gravity, AN 


that is, the aptitude an image has to deſcend, is as 
the weight of the image into the cavity of the leg 
— and the ſquare of the image's magnitude 
eri, . | 
A ſolid ſpecifically heavier than a liguid, being 
immerſed therein, loſes as much of its weight as is 
the weight of a portion of the liquid equal to it in 
bulk z for it has been already ſhewn, that a ſolid is 
ſe carried down in a liquid by the exceſs only of its 
i gravity, above the gravity of a portion of the liquid 
equal to it in bulk; conſequently, the other part of 
ts gravity is loſt, as to any effect it has on the body 
—_ tas will appear from the following experi- 
ei 911-01 irre 97 F. eine annere 
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L wor, Let a ſmall cylinder of braſs ſuſpended at 61 
XIII. end of a ballance and counterpoifed, be immer{ 


in water; upon the immerſion it will become lig 


Exp. 2. 


Exp. 3. 


Exp. 4. 


cifick gravities may be, do ſuffer an equal lok « 


magnitude of the body; whatever proportion there 
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er, n by 200 grains, which is the weight of 
as much water as is equal in bulk to the cylinder 
for a cylindrical veſſel juſt large enough to conti 
the cylinder, being hung at one end of a ballan 
and poiſed, and then filled with water, prepond: 
rates with the weight of 200 grains. 

Since a folid when immerſed in a liquid, lofs 
as much of its weight, as is equal to the weightof 
portion of the liquid of the ſame dimenſions wit 
the ſolid, it follows, that all bodies whatever, what 
magnitudes are equal, however different their ſpe 


weight in the ſame liquid. Thus a cylinder. 
block-tin, equal in dimenſions to the braſs cy linda 
but ſpecifically lighter, being immerſed in walt 
loſes 200 grains, as did that of braſs. 

Tho a ſolid loſes part of its weight when in 
merſed ina liquid, yet it muſt not be imaginedth 
the weight ſo loſt by the ſolid, is actually deſtroyed 
but that it is imparted to the liquid, the liquid con 
ſtantly gaining in weight what the ſolid loſs 
For if the veſſel with the water wherein the cylin 
ders were immerſed, be put into a ſcale and poiſed 
upon the immerſion of either cylinder, it will pre 
ponderate to the weight of 200 grains, which | 
what the cylinder loſes. $58 | 

Solids equal in weight but of different ſpecific 
gravities, being immerſed in the'ſame liquid, ſult... 
loſſes of weight reciprocally proportional to the 
ſpecifick gravities; for as the loſs of weight which. 
any body ſuffers in a liquid, is equal to the weig\ſh., 
of as much of the liquid as is equal in bulk to i 
folid, the loſs ſuſtained is ever proportional to thi 


fore the magnitudes of bodies have to one anoth*;.. 
the ſame will the loſſes of weight have which by | 


er but. the. magnitudes of bodies equal in weight, LR er. 
« of different ſpecifick gravities, are to one ano- XIII. 
er in t 6 Fest rocal he alia of their ſpecifick wy | 
avAties, 3 conſequent „ ſo are the loſſes of weight 
ck they fuffer. Which is confirmed by thefol- 
wing experiment. „ . ay 
Let two cones, one of lead, the other of tin, Er 
Whoſe ſpecifick gravities are to one another, as 112 P. 5. 
74. 5 the weight of each 400 grains, be im- 
red in water after the manner of the cylinders; 
on the immerſion, the lead will loſe 354 grains, 
dthe tin 543 but 351 is to 54, as 74 to 112, 
t is, _reciprocally as the ſpecifick gravities of 
le metals, ' \'* | 
From the loſſes of weight being reciprocally pro- Exp. 6. 
tonal to the ſpecifick gravities, it follows, that 
wo bodies of different ſpecifick gravities, which 
allance each other in air, be immerſed in water or 
other liquor, the £quz/ibrium will be deſtroyed, 
that which has the greateſt ſpecifick gravity will 
ſcend 3 as will appear by hanging the cones, one 
ach end of a ballance, and thenimmerſing them 
water, for the lead will preponderate, 
The ſpecifick gravity of a ſolid ſpecifically hea- 
er than a liquid, is to the ſpecifick gravity of the 
quid, as the abſolute weight of the ſolid, to the 
of weight which it ſuffers in the liquid; for the 
Feecißck gravities of bodies being as the abſolute 
eights applied to the magnitudes, where the 
ai parades are equal, the ſpecifick gravities are di- 
„y as the abſolute weights : if therefore we com- 
Nee the ſolid with a quantity vf the liquid equal to 
In magnitude, their ſpecifick gravities muſt be as 
er weights; but the abſolute weight of ſuch a 
tantity of the liquid, is equal to the loſs of weight 
Wtained by the ſolid ; conſequently, the ſpecifick 
avity of the ſolid, is to that of the liquid, as the 
ole weight of the ſolid, to the loſs which it ſuſ- 
ns in the liquid. 
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Lor. Hence we have a method of diſcovering the ſpeci. 

XIII. fick gravities of ſuch ſolid bodies as are heavier than 
Vater; I mean, of diſcovering the proportions of 
their ſpecifick gravities to the ſpecifick gravity of 
water. For if we ſuppoſe the ſpecifick gravity of 
water to be unity, and put L ro denote the loſs of 
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weight which any body, whoſe ſpecifick gravity we 
Jook for, ſuſtains in water, and W its whole weight, 
then L: W: 1: = conſequently, 1 expreſ 
ſes the ſpecifick gravity of the ſolid, that of water 
being unity; and therefore, in order to know the 
ſpecifick gravity of any ſolid heavier than water, 
nothing more is requiſite, but to diſcover the quai. 
tities denoted by Wand L, and to divide the fin 
by the laſt : the firſt is had, by taking the weight 
of the body in air, and the laſt, by taking the weight 
in water, and ſubducting it from the weight in ait; 
for the remainder is the loſs of weight, which d. 
viding the weight in air, gives a quotient expreſſing 
the ſpecifick gravity of the body. To apply thi 
to a particular caſe, let it be propoſed to diftore 
the ſpecifick gravity of a piece of tin, which being 
weighed in air, is found to be 3oo grains, and in 
water, 2592, which being ſubdued from the for- 
mer, leaves 40x for the loſs of weight; ſo that in 
this caſe, W denotes 300, and L 4053; and there: 
fore, dividing 300 by 404, we ſhall have 7;8 for 


- the ſpecifick gravity of tin, that of water being 


unity. Whence it appears, that tin, bulk for bulk, 
is more weighty than water, in the proportion of 
74 to ten, | | 

If the body, whoſe ſpecifick gravity is required, 
be lighter than water; then, foraſmuch as its gra- 
vity is not ſufficient to cauſe a total immerſion, the 
lofs of weight which it fuffers in water, cannot be 
found out by weighing it alone in that liquid; let 
it therefore be joined to ſome other body ſo weight 
G this 
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ci. mat the compound may fink ; but firſt let the loſs LE Or. 
han ef weight which the heavier body alone ſuſtains in XIII. 
of vater be found out, as before; and then let the loſs .. 


of Nef weight which the compound ſuſtains be likewiſe 
of ¶ diſcovered, whence deducting the loſs of weight 
; of ſuſtained by the heavier, the remainder will exhibit 
we ¶ che loſs ſuſtained by the lighter 3 conſequently, di- 
ht, riding the * of the lighter by that remainder, 

the quotient will expreſs the ſpecifick gravity * 
red z that is, putting W for the weight of the 


dy whole ſpecifick gravity is ſought, L for the 
the WW loſs of weight ſuſtained by the compound, and 
5 for the loſs ſuſtained by the heavier body — 
irt Nexpreſſes the ſpecifick gravity of the body. To 


piece of wood ſpecifically lighter than water be 
120 grains, and let it be joined to a piece of tin of 
160 grains, whoſe loſs in water is found to be 17 
grains ; then the compound being weighed in wa- 
ter, will be found to loſe 334 grains; ſo that in 
ths caſe, W is equal to 220 grains, L to 334, 
ud 1 to 17; and L leſs l, is equal to 317 
grains, - And therefore, dividing 220 by 317, 
we! ſhall have g for the ſpecifick gravity of the 
vood, that of water being unity. So that that 
kind of wood, is bulk for bulk lighter than water, 
in the proportion of 694 to 1000, 

If the body whoſe ſpecifick gravity is ſought be 
dilſolvable in water, then inſtead of water, let ſome 
ther liquor be made uſe of, which will not diſſolve 
the body; and let the proportion of the ſpecifick 
gravity of the body to the ſpecifick gravity of that 
liquor, be diſcovered by the foregoing method; as 
alſo the proportion of the ſpecifick gravity of that 
liquor to the ſpecifick gravity of water, by the me- 
tod which ſhall be ſhe wn preſently. Then in what- 
ever proportion the ſpect avity nn. 

a, ceeds 


ply this to a particular caſe; let the weight of a gp, 8. 
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Io r. cœeds or falls ſhort of the ſpecifick gravity of water * 
XIII. in the ſame proportion let the ſpecifick gravity ofÞ® 
ways the body with repatd to that of the figur be u: 
5 creaſed or diminiſhed, and it will give the ſpecifciht 
| gravity of the body with reſpect to that of Watt 
| that is, if we put A for unity or the ſpecifick g. 
A - vity of water, B for the ſpecifick gravity of th 
| other liquor, and C for the ſpecifick gravity ofth 
| body with regard to that liquor; then by ſay ing.: 
A is to B, fo C to a fourth proportional, we ſhal 


bi, AP 
have = for the ſpecifick gtavity of the body wi 


reſpect to that of water; or rejecting the diviſor 
| being equal to unity, and putting S for the ſpeci 
4 muy of the body with reſpect to water, we ſhi 
| Exv.o, have SBC. To apply this, let the ſpecifick gn 
5.9. d d ce re- 
| vity of Roman-vitriol be required; let the weight! 
io a piece of air be 67 grains, and in ſpirit of w 
| 41 grains; conſequently its loſs of weight int 
ſpirit is 26 grains, which dividing 67, gin 
2.576 for the ſpecifick gravity of the yitriol will!" 
| regard to the ſpecifick gravity of the ſpirit, wii 
in this caſe, is ſuppoſed to be unity; bur the {| 
fick gravity of the ſpirit with regard' to that of 
| ter, is leſs than unity, being only 288, as ſhall H 
ſhewn preſently; wherefore B is = 0.87, and\ 
1s==2.576; conſequently, 2.24 which is the pit 
duct ariſing from the multiplication of thoſe ty 
numbers, expreſſes the ſpecifick gravity of Romi 
vitriol with reſpe& to that of water, which is iſ 
unity; and therefore, in whole numbers, the ſp 
fick gravity of Roman-vitriol exceeds that of watt 
in the proportion of 224 to 100, = 
The ſpecifick gravities of liquors, are diſcoverf Wet 
by taking the loſſes of weight ſuſtained by one e 
the ſame ſolid in the ſeveral liquors; for ſince iiur 
loſs of weight in cach liquor, is equal to the weig 
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lute weights of ſuch portions of thoſe liquors as 
equal in bulk; and by conſequence, the ſpeci- 
K gravities of the liquors, the ſpecifick gravities 
bodies equal in bulk, being to one another as 
ir abſolute weights; wherefore, putting IL. 
rthe loſs of weight which a body ſuſtains in wa- 
and little 1 for the loſs of weight ſuſtained by 
ſame body in any other liquor; then, by 
ging, as L to l, ſo is unity to a fourth term, 


ſhall have — for the ſpecifick gravity of the 


er liquor, that of water being unity; ſo that to 
kover the ſpecifick gravity of any liquor, we 
i: nothing more to do, but to weigh one and 
fame ſolid, both in the liquor whoſe quantity is 
oht, and in water, and to divide the loſs of 
ght which the ſolid ſuffers in the liquor, by the 
$ which it ſuſtains in water; for the quotient will 
refs the ſpecifick gravity of the liquor. Thus, 


ing weighed in water, is found to loſe 641 grains, 
d 558. in ſpirit of wine; and therefore, dividing 
by 641," we ſhall have a quotient of 0.87 for 
ſpecifiek. gravity of the ſpirit, that of water be- 


Wen a body ſpecifically lighter than a liquid, is 
d float upon it, the part immerſed is equal in 
is Wk toa portion of the liquid whoſe weight is equal 
the weight of the whole body; for ſince the bo- 
links in part, by moving ſome of the liquor out 
ts place, and fince the weight of the body is the 
er which moves the liquor, the body mu - 
we to fink, till it has removed as much of 

vor as is equal to its weight; eee 


i 
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2s much of the liquor as is equal in bulk to the L x c r. 
dy ; by taking the loſſes of weight ſuſtained by XIII. 
ſame body in the ſeveral liquors, we get the ab. 


laſs bubble whoſe weight in air is 1727 grains, Exp. 10, 
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LI or. part immerſed muſt be equal in magnitude to ſuch ez 
XIII. a portion of the liquor, as is equal in weight to the 
wad whole body; which is abundantly confirmed by the Wu 
following experiment. | 

Exp. 11. A ball of pear-tree, a wood ſpecifically lighter 
than water, being ſet ro float on water contained in 
a glaſs veſſel, let the veſſel be placed in a ſcale and 
counterpoiſed ; then, taking out the ball, let the 
veſſel be filled up with water to the ſame height a 
which it ſtood when the ball was in it, and the ſame 

weight will counterpoiſe it as before. 
From the veſſel's being filled up to the ſame height 
at _ ap -_ ſtood when ad pg was in lt 
is manifeſt, that the quantit red in is equal i 
magnitude to that . the ball which was in- 
merſed-; and from the ſame weight counterpoiſing 
| it is evident, that the water poured in, is equal iu Wn 

weight to the whole ball. 

3 The part immerſed is to the whole body, as the 
| ſpecifick gravity of the body to the ſpecifick grau 
ty of the liquid; for the ſpecifick gravities of to oe 
bodies, being to one another as their abſolut 
| weightsapplied to their magnitudes, if their weigh 


be equal, their magnitudes are in the reciprocal ſpec 
ratio of their ſpecifick gravities ; ſince therefor, 
ſuch a portion of the liquid as is equal in magni loa 
to the immerſed part of the ſolid, is likewiſe equ 
in weight to the whole ſolid ; the magnitude of the ein 
- © immerſed part is to the magnitude of the whole bo- 
. dy, as the ſpecifick gravity of the ſolid to the ſpe. Mike 
| cifick gravity of the liquid. ; 
= When the ſame body is ſet to float ſucceſſively ue 
| different liquors, the parts immerſed are to one a 
other in the reciprocal proportion of the ſpecific 
gravities of the liquors. For the body deſcends Wat 
| each liquor, till the part immerſed takes up tn*Fexc 
room of as much liquor as is equal in weight to te fink. 


whole body ; and therefore, ſuch portions of 4 


ſev 


s- Arbrosrürieks 


erſed parts of the body have all equal weights; 
ut the magnitudes of bodies equal in weight, are 
o one another reciprocally, as their ſpecifick'gra- 


11 > 


ter ities 3 conſequently, in one and the ſame body 
in cating in different 11quors, the parts immerſed are 
nd eciprocally as the ſpecifick gravities of the liquors. 
the n this principle is founded the yy DROMETER; 


rich is an hollow glaſs ball, with a ſmall hollow 
'of about 5 or 6 inches in length, oppoſite to 
zich, on the other ſide of the ball, adheres a 


ze naller ball filled in part with mercury, or ſome 
i ber weighty body, to the intent, that when the 
in Wall is ſet to float in water, br any other liquor, the 
m em may be kept 2 N and in a poſition per- 
g endicular to the ſurface of the liquor; and at the 
u me time, that the machine may be ſo far immer- 


ed, as that the ſtem only, or ſome part thereof, 

y remain above the liquor; the ſtem being gra- 
lated from top to bottom, has numbers annexed 
devery degree, expreſſing the magnitudes of the 
parts which lie below the — degrees. 

The uſe of this little machine is to diſcover the 
pecifick gravities of liquors, which is done in the 
dllowing manner. The hydrometer being firſt ſet to 
boat in water, the degree to which it ſinks muſt be 
ſerved, and the number thereto annexed ; then 
deing ſet to float in any other liquor, the degree to 
mich it links, with the number annexed, muſt 
Ikewiſe be noted; for as this number is to the for- 
er, ſogis the ſpecifick gravity of water, to that of 
he other liquor, as is evident from what was juſt 


ind ſpirit of wine. The hydrometer being dropt 


sinſato water, ſinks to the degree whoſe number an- 
exed is 87; and being dropt into ſpirit of wine, 
che ſnks to the degree whoſe number is 100; whence 

it appears, that the ſpecifick gravity of water is to 
era mt of ſpirit of Wine, as 100 to 87. | 


Tho! 


weral liquors as are equal in magnitude to the im · LE c Fe 


ow ſaid. To illuſtrate this in the caſe of water Exp. 12. 
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Ihc hydrometers may be uſeful in diſcovering tu 
ſpecifick gravities of liquors for looſe and ĩnaccuruf 
4 computations, yet are they not to be depended ꝗ 
in caſes where great exactneſs is required, and tu 
for two reaſons; Firſt, becauſe it is extreamly dif h 


cult to graduate the ſtems ſo exactly, as that thy 
numbers annexed ſhall truly expreſs the magnitude 
of the parts below them. Secondly, becauſe, pat” 
ly from the metion of the drometer in the liquar 
and partly from the riſing of the 7 5 about th 
ſtem from the attractive force of the glaſs, it is hard 
ly poſſible to determine with exactneſs the degreei 
which the hydrometer ſinks. Upon both which «iM® 
counts, as alſo becauſe the method of determining 
the ſpecifick gravities of liquors by means of th 


glaſs bubble is much more eaſy and exact, this me * 

thod by the Harometer is intirely laid aſide. 5 

1 | * 1 Inf 
LECTURE XIV. 1 

Or HyYyprosTATICKS. our 

| 3 ®w dein 

Lx or. IN this lecture I ſhall give you an account of i 
XIV. flux of water from RESERvOI RS thro? ori. 
and pipes. \ % 


If water, flowing out at an orifice in the bottom 
a veſſel, be kept conſtantly at the ſame height i 


the veſſel, by being ſupplied as faſt above, as Me 
runs out below, the velocity wherewith it flows ou 
is as the ſquare root of the height of the water abor i 
the orifice. | | 4 


For if we ſuppoſe the column of water whic p 
ſtands directly above the orifice, to be divided int,” 
an indefinite number of plates of an equal, but e 
ceedingly ſmall thickneſs, it is manifeſt, that whit 
ever be the force of gravity, wherewith the upp: Fr 
moſt plate preſſes upon the ſecond, the ſecond pre 
fes upon the third with a double force, and the third 
"AP Ps EY > ns 
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ſhick lie above it, and likewiſe by the force of its 
wn gravity, inaſmuch as there 1s no other plate 
xneath it whereon to reſt ; conſequently, from its 
wn gravity, and that of the ſeveral plates above it, 
does all at once receive as many equal impreſſions 
rom gravity, as it would ſucceſſively in falling 
lown the height of the water; and of courſe, muſt - 
aſs thro? the orifice, with the ſame velocity that it 
ould acquire in falling down that height; but I 
roved in my lecture upon gravity, that the veloci- 
which a body acquires in falling thro? any ſpace, 
as the ſquare root of the ſpace ; conſequently, 
he velocity wherewith the water flows out, is as the 
quare root of the height of the water above the 
nice, by 


jo veſſels in all things alike, excepting that one is 
dur times as tall as the other, the height of one 
king 20 inches, and of the other 5; let each of them 
ave a circular orifice in the bottom a fifth part of 
inch in diameter; and being both filled with wa- 
er, let them be ſet a running, and let the water be 
pplied as faſt above as it runs out below; the tal- 
r veſſel will diſcharge about twenty one ounces in 
e ſpace of a quarter of a minute, and in the ſame 
me the ſhorter will diſcharge about 11 ounces. 
ow, foraſmuch as the orifices thro? which the wa- 
ir flows are equal, and likewiſe the times of the 
ur, the quantities diſcharged are as the velocities, 
onſequently, the velocity wherewith the water 
ows out of the taller veſſel, is to the velocity 
Merewith it flows out of the ſhorter, as 21 to 11, 


Int is, nearly as 2 to 1, which are the ſquare roqts 
ar f the heights of the water above the orifices. 


P 2 As 


on the fourth with a triple force, and ſo on; ſoLz cr. 
at the plate which is next the orifice is preſſed XIV. 
lownward by the joint gravities of the ſeve plates 


To confirm this by an experiment ; let there be Exp. 1. 
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L zor. As the preſſure ſuſtained by the lower parts of 

XIV. water from the weight of thoſe above; exerts it- 

—— If with the ſame force laterally that it does down. 

ward, it matters not whether the orifice thro' which 

the water flows, be at the bottom or ſide of a vel. 

ſel; for the water will flow out of both with the 

ſame velocity, provided they are at equal depths 

below the upper ſurface of the water; and there. 

fore, the velocity of water —_ out of an orifice 

in the ſide of a veſſel, is as the ſquare foot of the 

height of the water above the orifice ; as will ap. 

Exp. 2. pear, by repeating the laſt experiment with veſſels 

whoſe orifices are in their ſides; for the quantities 
diſcharged will be the ſame as before. 

From what has been ſaid it follows, that if a 
orifice in the fide of a veſſel, be ſituated as far aboye 
an horizontal plane, as it is below the upper ſurface 
of the water, the water will ſpout from that orifice, 
to the diſtance of twice the height of the orifice 

Pl.6. above the plane. For inſtance, if AOBC be a vel- 
Fig. i2. ſel full of water, O an orifice in the ſide, whoſe 
height OD above the horizontal plane DH, is equal 

to OA, the diſtance of the orifice from the top of the 

water; DH the horizontal diſtance to which the On 

water ſpouts, will be double of OD, the height of reſſ 

the orifice above the plane. For the ſpouting wa- 

ter has two motions, one uniform from the preſſure 

of the water in the veſſel, in the direction OF per- 
pendicular to the orifice, the other accelerated from 

the force of gravity in the direction OD perpendi- 

cular to DH ; which two motions do by no means 

hinder one another, but by their cottibination cauſe 

the water to ſpout in the curve of a parabola. Now, 

the velocity wherewith the water moves in the dt- 

rection OF; being equal to the velocity acquired by 

a bg" in falling from A to O, or from O to D; 

in the ſame time that it falls from O to D, and by 

ſo doing, reaches the horizontal plane, it wits 
Carrie 


— — — — — — 
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i; acquired by a body in falling thro* any height, 
do in the ſame time with that of the fall, deſcribe a 
ſpace double of that of the fall); conſequently, 
E horktofital diſtance to which the water ſpouts, 


will be equal to twice the height of the orifice above 


veſſel, the depth wherepf below the ſurface of the 
water is 20 inches, the water will ſpout to the dif- 
ance of 38 inches on an horizontal plane, whoſe 
diſtance below the orifice is likewiſe 20inches ; and 
where the depth of the orifice below the top of the 
mater is 5 inches, the water will ſpout to the diſ- 
tance of 9 inches on an horizontal plane ſituated at 
the diſtance of 5 inches below the orifice ; ſo that 
in both caſes the diſtances to which the water 
ſpouts are nearly double the diſtances of the planes 
below the orifices; and they would be exactly 
double, were it not that the water is retarded a little 
by the oppoſition it meets with from the air. 

The Siſtaices to which water ſpouts on an hori- 
zontal plane, from orifices in the ſides of different 
reſſels, the orifices being at equal heights above the 
2 are to one another as the ſquare roots of the 
eights of the water above the orifices. 

For ſince the orifices are at equal heights above 
the plane, the times of the deſcent of the water 
om the ſeveral orifices to the plane mult be equal; 
onſequently, ehe horizontal diſtances to which the 
vater ſpouts, muſt be as the velocities where with it 
* ; but thoſe velocities are as the ſquare roots of 

e heights of the water above the ks conſe- 
ently, ſo muſt the horizontal diſtances. Thus, 


f two veſſels be ſo placed, as that the orifices in 5 


heir ſides ſhall be 20 inches above an horizontal 
plane, the height of the water in one veſſel being 
20 inches above the orifice, and in the other 5 ; the 

| P 3 wateg- 


iechin the direction OF, thro? a ſpace equal to LE Or. 
twice OD, (inaſmuch as all bodies Whatever that XIV. 
move uniformly, with a velocity equal to that which | 


the plane. Thus, from an orifice in the fide of a pq, 3. 
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LzcT. water will ſpout from the former, to Megane 


* — 


* 
. 


as the ſquare roots of the heights of the wateraboy: 


eity; but in this caſe, the time of the motion is a 


of 38 inches, and from the latter, to theUiſtance 
of 19 inches; but 38 is to 19, as 2 to 13; that iʒ 


the orifices, for the heights are as 4 and one. 
The diſtance to which water ſpouts from an ori. 
fice in the ſide of a veſſel, whatever be the height 
of the orifice above the plane, as allo of the ws 
ter above the orifice, may be thus determined; 
let BR. repreſent an horizontal plane, F an orifice in 
the ſide of a veſſel atany height above the plane, 
and AB the height of the upper ſurface of the wi. 
ter above the plane. On AB as a diameter, de. m 
ſcribe the ſemicircle ADB, and at F ſet off FE pe. 
1 to AB, and meeting the circle in E. 
The diſtance to which the water ſpouts on the plane 50 
75 from the orifice F. 1s proportional to the lu 

For, from the nature of motion, the ſpace de- 
ſcribed, is as a rectangle under the time and yelo- 


the ſquare root of FB, and the velocity wherewith 
the water ſpouts, is as the.ſquare root of AF; con- 
ſequently, the ſpace thro which the water runs in 
the horizontal direction, is as the ſquare root of the 
rectangle AFB; but, by the nature of the circle, 
the ſquare root of the fectangle AFB, is equal to 
FE , conſequently, the horizontal diſtance to which 
the water ſpouts an the plane BR from the orifc H: 
F, is as PE. E 4 f 
Hence it follows, that the diſtance to which the Ne þ 
water ſpouts, is as the fine of the arch AE, who 
verſed fine AF, is equal to the height of the water WF. 
above the orifice.” And, foraſmuch as any two 
lines, which are equally diſtant from the center are 
equal, it follows; that the water miſt ſpout to the 
ſame diſtance from two orifices as Fand L, whole 
diſtances from the center are equal; as alſo, that 
it muſt ſpout to the greateſt diſtance from an orifce . 


* 5 „e se *— + 10 


= Y I . A 
=_ - Y 


- 
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f the center, the fine CD being in that caſe equal Le c r. ä 
o radius, and conſequently, the greateſt. © XIV. 11 
To confirm what has been faid ; let a weſſel Exp 4; ' i 
thoſe height is 16 inches, and which is perforated ; © 
1 the middle, and likewiſe at the diſtance of 52 
nches above and below the middle, be filled wh 8 
jater, and ſet upon an horizontal plane; the water 
ill ſpout from the middle orifice to the diſtance of 
boye 15 inches, and from each of the other two, 


ce 


0 the diſtance of about 10 inches. 
All things being ſuppoſed as before, the diſtances 
o which the water ſpouts, ſetting aſide what little 
lſturbance may ariſe from the reſiſtance of the air, 
equal to twice the ſines of the arches, whoſe 
erſed ſines are equal to the heights of the water 
boye the orifices. For, the diſtance to which the 
ater ſpouts from the central orifice C, is to the 
Iſtance to which it ſpouts from any other orifice as 
as the ſine CD is to the ſine FE; but foraſmuch 
the orifice C is as far diſtant above the plane as ĩt 
below the ſurface of the water, the diſtance to 
ich the water ſpouts from that orifice is equal to 
vice CB, or twice COD; conſequently, the diſtance 
p which it ſpouts from F muſt likewiſe be equal to 
ice FE, and fo of any other orifice. 2 
Water which ſpouts perpendicularly upward, ſets Exp. 6. 
M with ſuch a velocity, as is ſufficient to carry it 
be ſame height with the water in the veſſel from 
ich it ſpouts. For the velocity wherewith it ſets - 
be is equal to the velocity acquired in fallingdown 
ie height of the water; gnd, in my lecture upon 


ith 


in 
the 


15 mvity, I ſhewed, that a body thrown directly up- 
wo Erd riſes to ſuch a height, whence if it be let fall, 


5 t will by the end of the fall acquire the ſame velo- 
they where with it was thrown up; conſequently, the 
ofe nter ſpouts with a velocity ſufficient to carry it 
bat an equal height with the water in the reſervoir 3. 
= never, it cannot poſſibly arrive at that height,“ 
in! | FS by 
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XIV. air; which, as it cannot be taken off, muſt leſſen 
SY the heights of all jets whatever, ſo as to make them 


* Exp. 7. 


. paribus, ſuch jets as are a little inclined, rt 


of the pipe inverſly ; for ſince the pipe is cylin 


the orifice flow into the pipe, unleſs at the ſame 
time it drives forward all the water contained in 


moſt parts, when they have loſt their motion up- 
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by.reaſon of the reſiſtance it meets with from the 


fall ſhort of the heights inthe reſervoirs; beſides the 
water in the uppermoſt part of the jet, when it ha 
loſt all its motion, reſts for ſome time on the 
next below it, and by its weight obſtructs and re. 
tards the motion of the whole column, and thereby 
leſſens its height; and ſo great is the reſiſtance ar. 
ſing from this cauſe, as that the jet is frequently 
deſtroyed by it, the riſing water being by fits and 
ſtarts preſſed down to the very orifice from which 
e Nr 

By giving the jet a little inclination, the upper. 


ward, are made to fall off from the reſt, wherchy 
the reſiſtance which ariſes from their weight i 
taken off. And this is the true reaſon why, cteris 


higher than thoſe whoſe aſcents are perpend: 
cular, = 
The velocity wherewith water flows out of a q. 
lindrical pipe inſerted horizontally into the fide of 
a veſſel, is as the ſquare root of the height of the 
water in the veſſel above the place of the pipe's in- 
ſertion directly, and the ſquare root of the length 


drical, the velocity wherewith the water flows out 
at one end, muſt be equal to the velocity whey 
with it flows in at the other ; but the velocity 
wherewith it flows in, is' in the proportion laid 
down; for the preſſure of the incumbent water in 
the veſſe], cannot make the water which lies next 


the pipe; for which reaſon, the water in the pipe 
may be looked upon, as an obſtacle which reſilts 


auſcPriv 
acts be! 


and impedes the moving cauſe. Now, where ac 


„ 
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y diminiſhing the impediment, or augmenting the 
abſolute ſtrength and vigour of the cauſe it ſelf; 
here the ſtrength and vigour of the cauſe is given, 
he potency thereof increaſes in proportion as the 
impediment leſſens, and leſſens as that increaſes ; 
ind where the impediment is given, the potency of 
the cauſe increaſes, and leſſens in proportion to the 
Increaſe and diminution of the abſolute ſtrength and 
igour of the cauſe; conſequently, the potency is 
In a ratio compounded of the ſtrength or magnitude 
of the cauſe, and of the weakneſs or ſmallaeſs of 
he impediment; that is, it is as the magnitude of 
he cauſe directly, and as the magnitude of the im- 
ediment inverſly; or as the magnitude of the cauſe 
pplied to the magnitude of the impediment. Now, 


n the reſervoir is the moving cauſe, and the water 
n the pipe is the impediment, the magnitude of the 
ormer is meaſured by a rectangle under the height 


agnitude of the latter by a rectangle under the ori- 
of the pipe, and the length thereof; or reject- 
ng the orifice as being ever the ſame in both, the 
agnitude of the moving cauſe, is as the height 
of the water, and that of the impediment, as the 
ength of the pipe; and therefore, putting H for 
te- Wie height of the water in the reſervoir above the 
ce of the 25 inſertion, and L for the length 


in f the pipe; 5 will denote the preſſure of the wa- 


he water in the pipe; and putting O for the ori- 
peice of the pipe, 3 I will expreſs the force which 
uſcrives the water into the pipe; and foraſmuch as 


ts ac motion generated in any time by a force acting 
A conſtantly 


ds under the diſadvantage of a clog or impedi-LE Or. 
ment, r e of ſuch a cauſe is increaſed, either XIV. 


—— 


n the caſe before us, where the preſſure of the water 


o the water, and the orifice of the pipe, and the. 


er in the reſervoir, as leſſened by the reſiſtance of 
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Lx er. conſtantly and uniformly, is as a rectangle under the 
Av. force and time; putting F for the time that the 


lt Fs Tabs: ee SIO 
water continues to, flow. into the Pipe, 1 


ore, putting Qand V for the quantity and velocity, 
Dun or, becauſe the quantity which 
flows in, is in a ratio compounded of the orifice, 
time and velocity; by ſubſtituting O, T, V, which 
denote the orifice, time, and velocity, in the place 
of Q, we Madl have ET LO T'V*; and frikin 


out O T from both fides, the ſhall kave E V. 


conſequently, V 0 © that is, the velocit) 
wherewith the water flows out of the reſervoir into 
the pipe, and conſequently, the velocity wherewith 
it flows out of the pipe, is as the ſquare root of the 
height of the water in the reſervoir, applied to the 
ſquare root of the length of the pipe. 
Hence it follows, that if the length of the pipe 
be varied whilſt the height of the water in the rc- 
ſervoir continues the ſame, the quantities diſcharg- 
cd in any given time, will be to one another in- 
verfly as the ſquare roots of the lengths of the pipe: 
for ſince the diameter of the pipe, and the time 
of the flux are given, the quantities diſcharged 
muſt be as the velocities wherewith they run out, 
that is, in the inverſe ratio of the ſquare. roots of 
the lengths of the pipe. | 
Jo confirm this by an experiment; let a pipe of 
26 feet in length, and half an inch in diameter, be 
U A inſerted 


F< 


ſertion 3 the pipe when ſet a running will diſcharge 
about 1614 ounces in half a minute; let it then be 
made ſhorter by 12 feet, and ſet a running again, 
and it will in the ſame ſpace of time diſcharge 328 
ounces, that is near twice as much as before; ſo that 
the quantities diſcharged, will be to one another re, 
ciprocally as the ſquare roots of the lengths of the 
pipe, which in this caſe are as 4 and 2. 
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inſerted horizontally into the fide of a veſſel; and Lz ct; 
jet. the water in the veſſel be kept conſtantly at the ATV. 
height of 3 feet aboye the place of the pipe's in 


— water thro” pipes, in the following manner. 
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June the 21ſt, 1722, I made ſeveral experi. 
ments concerning the motion and diſcharge 0 


There was a reſervoir of 3 feet in height, which 
was kept conſtantly full during the flux of te- 
water; at the bottom was inſerted horizontally z 
pipe of half an inch in diameter, whoſe length 
when greateſt | was 100 feet, but being compoled 
of ſeveraÞ pieces, was capable of being made of 
ten different lengths; which lengths were the 
ſquares of the natural numbers. Into this pipe 
were inſerted horizontally (as occaſion was) tr 
other pipes, "each of them 6 inches long, and 
+ Inch in diameter; the places of their inſertion 
into the main qipe were diſtant, from the reſcryai 
the ſquares ,of-the natural numbers in feet; the 
axes of the ſmall pipes made àn angle of 80 dt. 
grees, with that of the main pipe; the reaſon vy 
they were inſerted in ſuch an angle was, thatit 
had been. obſeryed that the water flowed out 0 
orifices Tad 1 in the main pipe nearly i in that ang 


In Tas. I I denotes the 1 h of the main 
pipe (the ſmall pipes not being inſerted „ Q the 
quantity in tray qunces diſcharged in half a mi 
nute of time, T the time in Fconds which the 
water took to flow from the reſervoir to the e. 
tremity of the pipe, the fame having been firl 
exhauſted. 


In TAB. II. P 3 ba diſtance from the In 
reſervoir, at which the ſmall pipe was inſertcdMn ſt 
into the main pipe; Q the quantity in 7roy ounces [oy 
diſcharged by the ſmall pipe in half a minute ot: ha 
time, the main pipe being ſtopped. 
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tel In Tas. III. the numbers at the top denote the 
tedſen ſmall pipes, P the main Pipe, and the numbers 
ce elo denotethe quantities in Y ounces diſcharged 
l half a minute of time, by the pipes denoted by 
e numbers directly above them. The blanks de- 
te, that the pipes denoted by the numbers directly 


1 3FPove them at the top, were ſtopped at the time 


at the others diſcharged. 
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Lzer. 1 this lecture I hall gil account of the 
XV. weight and preſſure of the ai and of ſome 
vY—= remarkable effects ariſing from it. 
Tho' the weight of the air which ſurrounds us, 
is not perceived by reaſon of the equal 7 
which it makes on all parts of our hodies; yet 
it is really heavy appears from hence, that veſſel 
when exhauſted are leſs ponderbus than when filled 
Exp. 1. with air. Thus a glaſs bottle, whoſe contents are 
nearly 40 cubic inches, being exhauſted by means 
of the air pump, will be found to ſuffer a ſenſible 
loſs of weight; when I formerly made' the experi- 
ment, the loſs of weight amounted to ten grains, 
and the magnitude of the exhauſted air I found to 
be 34 cubic inches; for upon immerſing the bottle 
in water, and opening the valve which covered the 
mouth, the quantity of water which flowed in and 
poſſeſſed the place of the exhauſted air, amounted 
to 8628 grains, which being divided by 2534, the 
number of grains in a cubic inch of water, give 34 
in the quotient; ſo that from this experiment it is 
manifeſt, that 34 cubic inches of that air, which 
more immediately ſurrounds us, are equal in weight 
ro ten grains; and that the ſpecifick gravity of the 
| ſame air, is to the ſpecifick gravity of water, as ten 
to 8628, or, as one to 862+; the ſpecifick gravi- 
ties of bodies equal in bulk, being to one another 
as the abſolute weights of the bodies. 
As the air riſes above the ſurface of the earth, it 


| grows rarer, and conſequently, lighter ; a given Nut! 
bulk of air, being lighter at the diſtance of a mile, 


than at the earth's ſurface, and lighter again at the 
. | di.ſtance 


| 
| 
| 
| 
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diſtance of two miles, and fo on continually, And Lx e r. 
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et notwithſtanding this diminution of gravity in XV. 
the ſuperior. parts of air, ſo great is the heightof the 
umoſphere, as to render the weight of the whole 
rery conſiderable; as will appear from the follow- 
0g experiment. .: i 
oy a piece of common glaſs be placed as a cover Exp. 2. 
on the top of a receiver; and upon exhauſting the 
air, the 125 will at firſt be preſſed cloſe to the re 
tiyer, and at length broken by the weight of the 
ur, which reſts upon it. 98 | 
While the air continues undiminiſhed in the re- 
ver, it does by vertue of its elaſticity preſs, as 
Irongly againſt the lower - ſurface. of the glaſs, as 
es the incumbent air by means of its weight upon 
e upper ſurface ; as ſhall be ſhewn hereafter ; 
onſequently, as long as the air remains undimi- 
ſhed in the receiver, the weight of the incumbent 
ir can have no ſenſible effect on the glaſs ; but up- 

u leſſening the quantity, and therewith the ſpring 
i the included air, the glaſs being no longer ſup. 
ported from below, is preſſed down, and broken 
y the 5 the air above; and for the ſame 
taſon, a ſquare glaſs phial when exhauſted cracks 
ud flies to pieces. iT 1 | 
From the weight and preſſure of the air on the 
race of liquors it is, that they are made to riſe 
n exhauſted tubes open at one end, as will appear 
om the following experiments. | 

Let a glaſs veſſel with mercury be placed undera Exp. 3. 
ceiyer, and let a tube open at one end be ſuſpend- 
l above the veſſel in ſuch a manner, as that the 
en end may at pleaſure be let down into the mer- 
uy; if then, the air being drawn out of the re- 
ver, the tube be let down, the mercury will not 
le therein as long as the receiver continues em Pty 3 
ut upon readmitting the air, it will immediately 
cend. The reaſon of which is, that upon ex- 
: n hauſting 
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Lz cT: hauſting the receiver, the tube is likewiſe emptieil x 
XV. of air; and therefore, when it is immerſed in thi 


— mercury, and the air readmitted into the receiver 


Pl. 6. 
Fig. 14. 
Exp. 4. 


Pl. 6. 
Fig. 15. 


tube, and continiie ſo to do, until the weight of 


will riſe in the tube A. For, from the circum 


conſequently, while the mercury all around ti 
tube is preſſed by the newly admitted air, that po 


all parts of the mercury are preſſed upon by the 
air; except that portion Which lies beneath the or 
fice of the tube; conſequently, it muſt riſe in thi 


the elevated mercury preſſes as forcibly on that po 
tion which lies beneath the tube, as the weight of 
the air does on every other equal portion withoy 
the tube. But to proceed to a ſecond experiment 
of the ſame kind. 27255 ant 

Let two glaſs tubes as A and B, eich above x 
inches long, of which A is open at one end on 
but B at both, be ſo contrived, as by means d 
ſcrews, to be let into the little glaſs veſſel CD, 
the manner repreſented in the figure. A being fi er 
Jed with mercury, and then ſcrewed into the velle 
let mercury be poured into B, till both that een 
the veſſel are full; let then the veſſel be inverted Wikc: 


and let the extremity of B be immerſed in, a veſeſſe w 
of mercury, the mercury will deſcend thro? B, e f. 
continue to do fo, till A is emptied; as alſo ſo mud, t 


of the veſſel CD as is above the level bf the uppe 
orifice of B. This being done, let A be ſo far ui 
ſcrewed; as to permit the air to paſs between th 
threads of the —— into the empty part of the ve 
ſel; upon the admiſſion of the air, the mercu 


ſtances of the experiment it is evident, that the pa 
of A which ſtands above the level of the mercu 
remaining in the veſſel; is perfectly void of air 


tion which lies beneath the tube, ſuffers no preſſu 
from above; and of courſe muſt riſe, and continuWlt in 
to riſe, until the weight of the elevated mertuſſe ot 
becomes a ballance to the preſſure of the air withening 
: Fl ' is 
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Miſed in common pumps, and fire engines, as will 
ppear by confidering their ſtructures, and the man- 
Mc in which the 
pump, whit 

vood or lead, C a plug fixed near the bottom of 


fe and obſtruct the paſſage downward ; D a fe- 


nd plug of the fame kind, and perforated in like 
unner with the former. This plug is commonly 


ereby it is made to fit the cavity of the pump 
een. At ſome diſtance above the ſucker. is an 
water is diſcharged at the time of working, in 
void of air; then foraſmuch as the water, which 


nds about the pump, 1s every where preſſed by 
air, except in that part which anſwers to the 


into the cavity of the pump; and upon depreſ- 
g the ſucker again, as 1t cannot return down- 
d by reaſon of the valve, which ſhuts cloſe 
on the hole, and ſtops the paſſage, it riſes u 
o' the ſucker, and lodges it ſelf thereon; 15 
t upon the next elevation of the ſucker, it is 
ned towards the top of the pump, and thrown 
Hug at the orifice O. 

tinqlt inſtead of an orifice above the ſucker, we ſup- 
cure one juſt above the lower plug, with a valve 
houſfning outwardly, ſo as to ſuffer the water to flow 


but not to return. And it we ſuppoſe the 
4 ſucker 


By the weight and preſſure of the air, water is LET. 
— of 


_ AB repreſents the body Pl. 7. 
is commonly an hollow cylinder Fig 1 


pump, with an hole in the middle, covered by 
lathern valve, ſo contrived as to open and give 
to the water in paſſing . but to ſnut 


led the ſucker or piſton, and being moveable, is 
wn up and thruſt down at pleaſure, by means of 
iron rod E to which it ts faſtened, The fideg 
the ſucker are every where caſed with leather, 


2—U— — ũ ꝙ— — — — — 


exactly, that neither air nor water can paſs be- 
lice as O in the ſide of the pump, thro? which 


following manner. The ſucker being drawn 
the ſpace between that and the lower plug is 


e of the plug, it muſt there give way, and paſs 
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Le r. ſucker to be ſolid without a perforation, the figure 
V. will repreſent a forcing pump, or fire engine, in 
b which the water riſes above the lower plug in the 
ſame manner, and-from the ſame capſe, that it does 8 
in a common pump; and by the preſſure made 
upon it by the ſucker when thruſt down, it is forced (iſ 
out at the orifice, and that ſo ſtrongly, as by the . 
help of leathern Pipes, to be conveyed to the top 
of: the higheſt houſes. "A 9 
The air in any particular place does not alway: 
continue of the ſame weight, but is ſometimes hea- 
vier, and ſometimes lighter; which plainly argues 
a variation in the quantity, inaſmuch as the gravity 
of any body is proportional to the quantity of mat. 
ter which it contains. From what cauſe this vari- 
ation ariſes, is not eaſy to determine. Doctor 
HalLLRE x is of opinion, that the diminution of the 
quantity of air in any place, is the effect of two con- 
trary winds blowing from that place, whereby the 
air is carried both ways from it; and of conſequence, 
the incumbent cylinder of air is diminiſhed; as for 
inſtance, if in the German ocean it ſhould blow a gale 
of weſterly wind, and at the ſame time an eaftery 
wind in the Jriſb ſea; or if in France it ſhould blow 
a ſoutherly wind, and in Scotland a northern; that part 
of the atmoſphere which is impendent over Enpland 
would, he thinks, be thereby carried off and dimi- 
niſhed. He likewiſe conceives, that the increaſe of 
the quantity of air in any place, is occafioned by ths. 
blowing of two contrary winds towards that place, 
whereby the air of other places is brought thither 
and accumulated. And upon this foot, he endea- 
yours to account for what is commonly obſerved int 
this part of the world; namely, that the atmoſphere, ; 
ceteris paribus, is always heavieſt upon an eaſter! 
or-north-eaſterly wind. This happens, ſays he, be- 
cauſe, that in the great Atlantick ocean, on this ſide 
the thirty fifth degree of norih latitude, the eſter!) 
and ſouth-weſterly winds blow almoſt always; L Ile w 
[ 
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that whenever the wind comes up here at eaſt or Lect. 
north-eaſt, it is ſure to be check d by a contrary XV. 


reaſon, the air over us muſt needs be heaped up in 
greater abundance, as often as thoſe winds blow. 
To confirm this hypotheſis of contrary winds be- 
ing the cauſe of the variation in the weight of the 
ir, he obſerves, that within the Tropicks, where 
there are no contrary currents of air, this variation 
Joes not obtain; but that the atmoſphere continues 
much in the ſame ftare of gravity in all kinds of 
xather. Now, whether this, or whatever elſe, be 
e cauſe of it, moſt certain it is, that the weight of 
he air does vary; and ſo conſiderable is the varia- 
on, that the weight of the air in its heavieſt ſtate, 
xeeds the weight thereof when it is lighteſt, in 
e proportion of almoſt ten to nine. 

The changes which. the air undergoes as to its 
mvity, are obſerved by means of the Barometer or 
ſeather-glaſs; which, as it was the invention of 
[okRICELLUS, is known among the naturaliſts 
y the name of the Torricellian tube or inſtrument. 
conſiſts of a ſmall glaſs tube, about three feet 
ong, cloſed at one end, which being filled with 
tercury well purged from air, is inverted into a 
flindrieal box of timber, wherein ſome mercury 


fa e © TD = ww 


7 


I lodged; upon the inverſion ſome of the mercury 
* als out, whereby the upper part of the tube is 
meet empty whilſt the lower part continues full. 
i Wow, foraſmuch as it has appeared from experi- 
ther ents, that the ſuſpenſion of the mercury in the 
Jea- be, is owing to the preſſure of the air on the ſtag. 
0 inent mercury; the pillar of mercury which is kept 
rh p in the tube, muſt always be equal in weight to 


pillar of the atmoſphere of the ſame thickneſs 
aſequently, as the weight of the atmoſphere 
aries, the height of the mercury in the barometer 
uſt do ſo too; the mercury conſtantly riſing as 
e weight of the air increaſes, and ſinking as that 
Q 2 leſſens. 


gale, as ſoon. as it reaches the ocean; for which © Y 


7 _ i "7 2 _ _ FY ꝓ—ũ— = 8 
. 2 - | 


AER: 4 1 7 


>= << le 


it — — 


— 
12 —— 


rr 


Rx — 


— nn 
Eg 


3 — 


- — 
— 4 2 
— o 1 


A. 4 2 OF... 24 4 : 
_ — — = — — 
2 era 
5 * 1 a — 
3 = - * 


236 

LECT. 
XV. 

—— 


greateſt height, to wit, from 28 to 31 inches, ; n 


the tube is fixed; whereon likewiſe are inſcribed 


of that in the box. So, on the other hand, if the 


a quarter in the box, the true deſcent in the tube 


the greateſt variation of the height not amount!" 


or PNEUMATICKS: 
leſſens. That the minute variations in the height y 


of the mercury may be obſerved, that part of the 
tube which hes between the limits of the leaſt and 


graduated ; each inch being divided into ten or, 
twelve equal parts by means of a table, whereunto Ma 


in their proper places, ſuch conſtitutions of the 
air and weather, as have been obſerved to accom- 

y different heights of the mercury. In contriy. 
ing this inſtrument, care muſt be taken to make 
the box, which contains the ſtagnant mercury, 6 
large, as that upon the riſing or falling of thx 
mercury 1n the tube, the height of that in the box 
may ſuffer little or no variation; for ſhould the 
ſtagnant mercury fink upon the riſing of the mer- 
cury in the tube, or riſe as that ſinks, which mul 
be the caſe where the box is ſmall; the riſe orf 
of the mercury in the tube will appear to be le 
than it really is; as for inſtance, it when the mei 
cury riſes half an inch in the tube, it does at tit 
ſame time fall a quarter in the box, the riſe in the 
tube, which appears to be only half an inch, iſ 
in truth three quarters; becauſe the height of tit 
mercury is always to be computed from the ſurlac! 


mercury by falling half an inch in the tube ri! 


is three quarters of an inch; inaſmuch as tht 
height of the mercury in the tube above the fur 
face of the ſtagnant mercury in the box, is leſs afte 
the fall by three quarters of an inch, By making 
the circular area of the box thirty or forty tim 
greater than that of the tube, (which is general 
the caſe, the tubes of moſt barometers being Mart 
one fifth of an inch wide, and the boxes an ind b. 
and a quarter) the ſtagnant mercury in the box MMipon 
be kept conſtantly at the.ſame height very near!) Fury 


{1 
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to more than the tenth or twelfth part of an inch, L — 7. 


ht N which is inconſiderable. OT 

he If. the tube inſtead of being continued directly p , 
upward, be bent at the height of 28 inches, in the Pig z. 
manner here repreſented, it is then called an inflef- 

ed or diagonal barometer ; in which the inclined part 

AB may conſtitute an obtuſe angle of any magni- 

de with the perpendicular part BC; but the nearer 

the angle a cies to a right one, the longer muſt 

he inclined part be; for it muſt be continued un- 

til the perpendicular altitude thereof AH, above 

the horizontal line HB, becomes equal to three 
mches, which is the difference between the greateſt 

and leaſt height of the mercury in the barometer; 
therwiſe, the mercury will not have room to riſe 

o its utmoſt height, at ſuch times as the conſtitu- 

tion of the air requires it. This barometer, ſhews 

he minute variations in the weight of the air much 

more accurately than the former; becauſe the riſe 

vr fall of the mercury in the inclined part AB is 

ery ſenſible, when an alteration in the perpendi- 

lar height is ſcarcely to be perceived. But then 

he box which contains the ſtagnant mercury, ought 

to be much larger in proportion in this than in the 
ormer; becauſe in this, a much larger quantity of 
JWncrcury riſes into, and falls out of the tube, upon 

ae changes of the weather. | 

It the lower part of the tube in the firſt barome- 

er, inſtead of being inſerted into a box, be turned 

y in the form of a crook, it is then called a carved 
crometer, in which the crooked part generally ter- 
W"inates in a large bubble open at top. The bub- pf. 5. 
e contains the ſtagnant mercury, which, as it is Fig. 4- 
prefied upon more or leſs by the incumbent air, is 
Worced up to a greater or ſmaller height in the {trait 
Part of the tube. In this barometer the bubble ought 

o be ſo large in proportion to the tube, as that 
pon the greateſt variation of the height of the mer- 

ury in the tube, the height thereof in the bubble 
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Lz cr. may not vary above one tenth of an inch; the I ne 


s ſaid concerning the magnitude of the box in 


ever they may differ as to their ſtructures, do all 


ſmall portion of air which remains within, by ex- 


neceſſity there 1s for this, is evident from what air 


the firſt kind of barometer. 

Beſides the barometers hitherto mentioned, there 
is the wheel, as alſo the pendant or conical, bare- 
meter, and others of vartous kinds; which, how. 


agree in ſhewing the changes in the weight of the 
air, by the riſing and falling of the mercury in 
their tubes; wherein it ſometimes, tho? very rarely, 
deſcends as low as twenty eight inches; and at 
others riſes to thirty one; the mean height thereof 
being twenty nine inches and an half. So that x 
pillar of the atmoſphere, in the mean ſtate of its 
gravity, is equal in weight to a pillar of mercury 
of the ſame thickneſs, and whoſe altitude is twenty 
nine inches and an half, Whence it follows, that 
an inch ſquare of the earth's ſurface,” or of any 
other body contiguous thereto, fuſtains a preſſure 
from the incumbent atmoſphere, when in the mean 
ſtate 'of 1ts gravity, equal to ſeventeen pounds, 
eight ounces, and 374 grains; that being the 
weight of a ſquare pillar of mercury one inch thick, 
and twenty nine and an half high, 

From this great preſſure of the air it is, that tuo 
brazen hemiſpheres, whoſe diameter is three inches 
and an half, — * laid one upon another, and then tod 
exhauſted, cling ſo faſt together, as to require above part 
150 pounds to ſeparate and draw them aſunder. Wile 
And it muſt be obſerved, that as the globe in this 
experiment cannot be perfectly exhauſted, that Noir 


panding it ſelf, contributes to the ſeparation of the the 
hemiſpheres; for which reaſon, they are drawn 
aſunder by a leſs weight than that wherewith the air Nec 
preſſes them together; for the diameter of the ſphere of 7 
being three inches and an half, the area of its ug 
greateſt circle is nine ſquare inches and three ww 

; 4 nearly 3 


Or PN EUMATICRES. 


nearly; conſequently, the weight of that pillar of Lz er. 
air which preſſes the hemiſpheres together, is not XV. 
ſs than 162 pounds, even in its lighteſt ſtate, 


when the mercury in the barometer ſtands at the 
height of 28 inches only. If the globe, after it 
has been exhauſted, be hung within a receiver, 
upon drawing the air out of the receiver, the 
lower hemiſphere will fall off from the other; 
which plainly .ſhews, that their coheſion is owing 
to nothing elſe but the weight and preſſure of the 
ar upon them. . 
Since the atmoſphere even in its lighteſt ſtate is 
ſo ponderous, as that a ſquare pillar of it one inch 
tick, weighs ſixteen pounds, nine ounces, and 461 
grains; it follows, that a middle ſized man, the 
urface of whoſe body is generally allowed to con- 
tan about fifteen ſquare feet, ſuſtains a preſſure from 
the atmoſphere, when in its lighteſt ſtate, equal to 
the weight of 31144 pounds; which preſſure on 
larger bodies, and in heavier ſtates of the air, is ſtill 
greater; and therefore it may well be aſked, how 
t comes to paſs, that we are not ſenſible of this 
preſſure, great as it is, In anſwer to which it muſt 
be obſerved, that ſuch preſſures only are perceived 
by us, as do in ſome meaſure move our fibres, and 
put them out of their natural ſituation. Now, the 
prefſure of the air being equal on all parts of the 
body, cannot poſſibly move the fibres of any one 
part, or force them from their ſituation z but on 
the contrary, muſt by reaſon of its uniformity 
keep all the fibres in their projet places, and as fo 
doing, cannot be perceived. And that this is the 
ale is evident from hence, that if the preſſure of 
the air be taken off from one part of the body, 
the preſſure on the neighbouring parts immediately 
becomes ſenſible. Thus, if a man covers the top 
of an open receiver with his hand, upon exhauſt- 
ug the receiver, and thereby taking off the preſ- 
. | ſure 


* 
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an 
is rare. of the air from the palm of the hand, he will 
perceive a weight on the back of his hand, and 


an that ſo great as to put him to pain, and almoſt 
gs the breaking of his han | 
| 8 
: ne 
1 LECTURE XVI. 
. f t 
i * pen onariexs. 6 1 
; " 4457 n ul 
Leer. D the elaſticity of wo air, whereof. I intend 
XVI. to treat in this lecture, we are to underſtand Wha 


wo that force, wherewith the particles of air expand 
themſelves, and recede from each other, whenever on 
the preſſure from without which keeps them toge- 
ther, is taken off. The method which I ſhall 
obſerve in treating of this force is, Firſt, to ſhey 
from experiments, that the air is really indued with i 2 
ſuch a force; and, Secondly, to enquire into its Wiſe 
nature and laws. 7 
Exp. 1. As to the firſt; if a little warmed ale, or any 
other liquor ſomewhat glutinous be put into a glals Why: 
and included in a receiver, upon exhauſting the re 
ceiver the liquor will riſe in large Tothy bubbles iſe 
and run over the glaſs, _ | 
As the liquor is glutinous, it retains a great num- 
ber of airy particles, which upon the remoyal of the 
outward air, and therewith the preſſure which it ſp © 
makes on the liquor, dilate and expand themſelves; 
and foraſmuch as they cannot readily extricate 
themſelves from the liquor by reaſon of its clammi- Wow! 
neſs, they raiſe it up, and carry it over in the form We th 
of froth. And for the ſame reaſon it ſeems to be, 
that meath, cyder, and moſt other domeſtick wines, 
after they have been bottled a while, upon drawing 
the cork, 28 out and fly. For as they are all in 
ſome meaſure which oo they retain a good quan- 


tity. of air; which upon corking the bottle is con. 
denſed 


- 
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lenſed. by reaſon of the condenſation of the air Lr. 
hich is lodged in the neck of the bottle; beſides, XVI. 
y the light fermentation which ſuch liquors come  Y *- 
only undergo in the bottle, a freſh ſupply of air . - 
generated, equal in denſity to the former. When 
herefore upon drawing the cork, the extraordi 
refſure ariſing from the condenſed air in the ne 
f the bottle is taken off, the air which is diſperſed 
hro* the liquor, expands itſelf with great force, 
nd not finding a ready paſſage between the parts of 
he liquor, which by reaſon of their clammineſs do 
ot eaſily ſeparate, drives the liquor before it in the 
nanner of a ſpout. But to proceed; 5 

The expanſive force of the air is likewiſe evident 
rom the following experiment. Let a glaſs bottle Exp. 2. 
a globular form, and containing a ſmall quanti- 
of water, have a ſmall glaſs tube open at both 
nds, inſerted into it ſo far as that the lower end 
tay be below the ſurface of the water; and let the 
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ts Woſertion be made by means of a ſcrew and a collar | 
f leathers, in ſuch a manner as that no air may 9 
us into or out of the bottle; let then the whole [Fi 
ils Varatus be placed under a tall receiver, and upon bi. 
1 


uſting the air out of the receiver, the water will 
ile up thro' the tube in the form of a jet, which 
ill be higher or lower in proportion as the receiver 
more or leſs exhauſted; the reaſon of which is, 
at the air included in the bottle by endeavouring 
o expand it ſelf, preſſes upon the ſurface of the 
s; Water, which therefore muſt riſe in the tube, as ſoon 
ate Ws the preſſure of the outward air which keeps it 
mon is leſſened ; and the greater the diminution 
rm f that external preſſure is, the higher the water 
be, Muſt be thrown. . 
es, If a bladder wherein a ſmall quantity of air is Exp. 3. 
ng ocluded, be placed under a receiver, upon drawing 
in Wie air out of the receiver the bladder will ſwell, 
an- nd the ſwelling will be greater or leſs in pro- 
on Pertion as the receiver is more or leſs emptied ; 
ſed DN Which 
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Lzc TC which plainly argues an _—_— force in the in. 
VL cluded air; as does likewiſe 

Ep blown bladder in an exhauſted receiver; as alſo te. 

Exp. x. 
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ver, that portion which remains within expands i 
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the burſting of a full 


cracking of a ſquare glaſs phial when cloſe ſtopped 
If a ſmall ſiphon, having a weight faſtened f. | 
the handle of the piſton, and being cloſed at the 
end fo as that upon drawing up the piſton no ai 
can get in, be {ifpended in an inverted poſitiq 
with the weight downward, and then covered wid 
a receiver; upon drawing part of the air out of the 
receiver, the weight will deſcend, and draw dom 
the piſton; and upon the readmiſſion of the air it 
will riſe again. © 
When part of the air is drawn out of the recci 


felf, whereby its ſpring is ſo far weakened, as not 
to be able to ſtand againſt and ſupport the weight, 
for which reaſon the weight deſcends z whereas, up- 
on the return of the air which was carried off, the 
Elaſtick force is ſo far increaſed, as to become an 
over- ballance for the weight, and upon that accour 
drives it up. 4 
From this and the foregoing experiments it ful 
appears, that the air is indued with an expanſie 
force. Whence that force ariſes, and what the le. 
of its action is, comes now to be conſidered. 
The naturaliſts were formerly of opinion, th: 
the elaſticity of the air was owing to the ſhape and 
$gure of its parts; for they ſuppoſed each particle 
of air to conſiſt of ſeveral branches, which being 
of a pliable nature, were capable of being comprel- 
ſed and og together by any outward force, and 
of expan 2 ſpreading themſelves abroad upon 
the removal of the compreſſing force; and this 
has been thought by ſome to be a full and ſatisfacto- 


ry account. But that great philoſopher Sir Isa Ach 

Nxwrox, was of opinion, that the expanſive force 

of the air is altogether inexplicable on the w_ ole 
N . this, 
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ther; his words are theſe. | 

« That there is a repulſive virtue, ſeems alſo to 
follow from the production of air and vapour. 
The particles when ſhaken off from bodies by 
* heat or fermentation, ſo ſoon as they are beyond 
© the reach of the attraction of the body, receding 
from it, and alſo from one another with 
great ſtrength, and keeping at a diſtance, ſo as 
ſometimes to take up above a million of times 
more ſpace than they did before in the form 
* of a denſe body; which vaſt contraction and 


particles of air to be ſpringy and ramous, or. 
* rolled up like hoops, or by any other means 
than a repulſive power. wm 
Now, ſuppoſing this to be the caſe, and that the 
pelling power of each particle exerts itſelf on the 
xt adjacent particles only, as Sir Isa ac ſeemed 
imagine, I ſhall ſhew you what the Jaw of this 
pelling power is, or, in other words, how this 
wer is varied, by varying the diſtance of the par- 
cles; and in order thereto, ſhall lay down the 
owing PROPOSITION, 


Prop. If a fluid be compoſed of particles endued 
Mb a repulſeve power, ſo as that each particle repels 
hoſe, and thoſe only, which are next it, and if the 
ce wherewith two adjacent particles repel each other, 
in a given reciprocal ratio of the interval of their 
ponim'ers ; that is, putting I for the interval of the cen- 
tha, and P for the index of the given power of that 
to-W'fr00/; I ſay, if two adjacent particles repel each 


ber with a force that is as , the force which com- 
| 8. - 


I 
Mes the fluid, is as the cubic root of that power 4 
4 


1. Icuis, or indeed any other hypotheſis, except that Laer. 
of the air's being indued with a repelling power, XVI. 
Muhereby the particles recede and fly from each 


' expanſion ſeems unintelligible, by feigning the 
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Lac r. the denfity of the fluid, whoſe inder is P increaſed by 


XVI. 2, or PI; that is, putting F for the compreſſn 


on 
raiſed up to the power whoſe index is Z. den 


Exp. 7. For the proof of this, let a portion of the fluid Ut 
be contained in a given cubic ſpace, whoſe up per 

Pl. 7. furface'is denoted by the ſquare ABCG, the c om. 
Fig. 5- preſſing force being applied to that ſurface. cen 
The elaſtick force of the fluid, which withſtand; 

the compreſſing force, and is exactly equal thereto, 

is the force of thoſe parts only which comipoſe the 

upper ſurface ; becauſe the repelling forces of th 
particles are ſuppoſed to exert themſelves on thoſe 
particles only which lie next them, and not to ex 

tend vo particles more remote. But the force of the 
ſuperficial parts, is as the number of particles nth 
farface, and che force wherewith any two adjacent prof 
particles repel each other conjointly. Now, th 
number of particles in the given ſquare ſurface, it 
reciprocally as the ſquare of the diſtance of the cen 


ters of two adjacent parts; that is, as 5 ander 
by ſappoſition, the force wherewith two pati nent 
cles repel each other, is as 5 and therefore, th, 


P 
elaſtick force of the fluid, and of conſequence th m 


compreſſive force, or F, is as be The denſit 


of the fluid contained in the given cubical ſpace, is 
inverſly as the cube of the diſtance between tha, 


| 1 eig 

centers of the particles; that is, D is as 15 and! of 
2 GS > wy cs a 1 2 

is as 57 and therefore, by ſubſlicuting ut in the uy . 

np | e roo! ſles 
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five force is as the cube root of that power of the 
denſity of the fluid, whoſe index is P42. ._. 
= Cor or. From this propoſition it follows, that 
if the denſigp of an elaſtick fluid be as the force 
rhich compreſſes it, the particles repel one another 
ith forces that are inverſly as the diſtances of their 
centers. | | 
For fince F 1s as D, _ is equal to unity, and 
o likewiſe is P; conſequently,” the P power of I, 
thoſe reciprocal expreſſes the repulſive force of the 
particles, 1s equal to I. FRY | 
Hence the particles of air muſt repel one another 
nth forces reciprocally proportional to thediſtances 
if their centers, becauſe the denſity of the air is 
proportional to the force which compreſſes it; as 
ll appear from the following experiment. 


be filled up with mercury to ſome ſmall height, 


meafuring the length of BC, that part of the ſhort- 
t leg that is filled with air, which air, it is evident, 
8 compreſſed by the weight of the atmoſphere ; 
Wt mercury be poured in at A, till the height there- 
If in the longer leg above the height of the ſame in 
the ſhorter, becomes equa] to the height at which 
. Wt ſtands in the barometer, by which means the air 
n the ſhorter leg will be compreſſed by twice the 
reight of the atmoſphere ; let then the length of 
dat part of the leg which is poſſeſſed by the airun- 
Found to be juſt one half of BC; whence it appears, 
tat the ſpaces which a given quantity of air poſ- 
onfÞclſes under different preſſures, are reciprocally pro- 
portional to the preſſures; and conſequently, _ 
muc 


er this double preſſure be meaſured, and it will be 
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dom of I, F is as D; that is, the compreſ- XVI. 


— 


Let an inflexed tube as AB, open at both ends, Exp. 8. 


luppoſe DC; then ſtopping the end B, ſo as that pl. 7. 
air may not get out when it is compreſſed, and Fig. 6. 


* 
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Ir cr. much as the denſities of bodies where the quantity o 
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I. matter is given are reciprocally as their magnitudes, N 


— 


Fig. 7. 


four. 


the denſity of the air is directly as the compreſſing 
force. From this property of the air, Cor xs hauf 
deduced a method for determining the denſity there. 
of at any height; what he has delivered concern. Nes 
ing this matter, is contained in the gth chapter q 
his Harmonia Menſurarum, which I ſhall endeavouW 
to explain to you; and in order thereto, ſhall ly 
beforeyouſuch properties of the logarithmic curve, 
as I ſhall have occaſion to-make uſe of, referring 
you for their demonſtrations to the forementionel " 
author, and others who have wrote of that curve, 
Let then BCGT be a logarithmic curve, A H i 
aſymptot, that is, a right lide ſo ſituated with te. e 
ſpect to the curve, as not to meet it till it is drawn" © 
to an infinite, or rather indefinite length BA, DC 
and GF, ordinates, that is, right lines perpendicu- 
lar to the aſymptot at the points A, C, and F, and 
terminating in the curve. BC a tangent to the 
curve at the point B. The properties of this curve, 
which I ſhall have occaſion to mention, are theſe 


Firſt, Any portion of the aſymptot intercepted 
between two ordinates, is the logarithm or meaſure” 
of the ratio which thoſe ordinates bear one to 
the other; thus AC meaſures the ratio of BA to 


DC; and CF meaſures the ratio of DC to GF; 
and ſo likewiſe, AF meaſures the ratio of BA to 


GF. And if AC, AF and AH be in arithme-W*"* 
tick proportion, then DC, GF, and IH are in geo- 00 
metrick proportion; and if any portion of the 
aſymptot be a given quantity, then is the ratio of 
the two ordinates which intercept that portion, N. 
likewiſe given. 

Secondly, That portion of the aſymptot as AC, 
which is intercepted between a tangent and an cr- 
dinate, drawn to the ſame point of the curve as B, 


is a given quantity; or in other words, to what- 
ever 
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1 — the portion of the aſymptot which they in- XVI. 
ng xcept,-is always of one and the ſame length. The 


the module, or that which regulates the magni- 


ey are greater or leſs in proportion to the magni- 
d of the ſubtangent; ſo that if in two logarith- 
ic curves, the ſubtangent of one be double or 
ple the ſubtangent of the other, the meaſures of 


the former as they are in the latter. 


een the curve and the afymptot, drawn on to an 
definite length beyond HI, are to one another as 
e ordinates which bound them in their wideſt 
arts; thus, the indefinite areas BAHI, DCHI, 


„ DC, and GF. 

Fourthly, The indefinite area BAHT, is equal 
the parallelogram BACE, comprehended under 
te ordinate BA, and the ſubtangent AC. 

Theſe things being premiſed, let AB repreſent 
earth's ſurtace, and let AH be a line perpendi- 
Ir thereto 3 then, foraſmuch as the denſities of 
air at different heights, are as the preſſures of 
incumbent atmoſphere, and the ordinates in the 
tre, as the indefinite areas which lie beyond 
to em; if the indefinite area BAHI be made to 
ne⸗ Nenote the weight or preſſure of all the air, and AB 
e0-M' denſity at the ſurface of the earth, then, by the 
the ird pro of the curve, the indefinite area 


of CHI, will denote the weight or preſſure of all 
on, Ne air which lies above C, and the ordinate DS 


ll denote the denſity of the air at that height 3 


1 
Or- 
the 


at- 
yer 


point of the curve the tangent and ordinate are LE. 


tion ſo intercepted is the /ubtangent, and it 


les of all the logarithms in the ſame ſyſtem ; for 


e fame ratios are likewiſe twice or thrice as great 


Thirdly, The indefinite areas comprehended be- 


| GFHI, are to one another as the ordinates 


d thus it is with regard to any other height, ſo 
ut at all heights, the denſities of the air will be 
acted by the reſpective. ordinates; wherefore, by 
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XVI. any two heights, is the meaſure of the ratio which 
Ge the denſities of the air bear to one another at thoſe 


che firſt property of the curve, the difference between fi 


heights; thus CF meaſures the proportion which 
the air's denſity at the height C, bears to its denſity 
at the height F. Let us now ſuppoſe the force of 
gravity to ceaſe,” and that the air is ſo compreſſed 
by ſotne external force, as to be every where from 
top to bottom of the ſame denſity, as it is at the 
ſurface of the earth; its weight or preſſure which 
before was denoted by the indefinite area BAHI, 
may now be denoted by the parallelogram BACE, 
inaſmuch” as by the fourth property of the cure, 
that area and this parallelogram are equal. Since 
then two fluids which ballance each other muſt have 
their heights inverſly as their ſpecifick gravities, if 
we put unity to denote. the ſpecifick gravity of the 
air at the ſurface of the earth, and fay, as uni. 
ty to 11890, which is the ſpecifick gravity of mer. 
cury with reſpect to that of air, ſo is 24 feet, 
which is the height of the mercury in the barome- 
ter, to a fourth number, we ſhall have 29725 feet 
for the height of the homogeneal atmofphere; and 
this height is equal to the ſubtangent AC. For 
ſince the preſſure of this homogeneal atmoſpheres 
as its denſity into its height, and likewiſe as the 
rectangle BACE ; and ſince the denſity is denoted 
by BA, the height muſt be denoted by AC, the 
module in this ſyſtem of logarithms. Hence we 
have a method for determining the denſity of the 
air at any height; for putting H to denote the 
height at which the denſity of the air is required, by me- 
the ſecond property of the curve, we have this ana- Neffe 
logy, as the integral number marked A, which ih In 
the module of this ſyſtem, is to the fractional Neur. 
number marked B, which is the module of Bx I PALE 
ſyſtem, ſo is H expreſſed in feet, to a fourth num- If be 


ber, which in Bx 1606's tables is the logarithm of quir 
Me the A, 


N 
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ke ratio of the denſity of the air at the earth's ſur- Le r. it 


n 4 | 
h Nice, to its denſity at the height H, anſwerable to XVI. 1 
ſe Irhich in the tables is the natural number expreſj-— if 
h Ning that ratio. — 1 
y - 
of WM A B 
d 9725 : 0. 43429448 :: H: 0.43429448 x H. 
m | 

29725 
h B C 7 iD 
1 0. 43429448 = 0.385661. 2.4303. 
2, A 
65 29725 


Thus, for inſtance, if the denſity of the air at 
e height of five miles, or 26400 feet, be required, 

multiplying that number by the fractional num- 
T ws w+ B, and dividing the product by the 
tegral number marked A, we ſhall have the 


— — - - 2 — 
5 g r . 
5 . ot 4g. 
=, Teo  wmnc— — — 5 — — 


k- 4 
t, MWcarithm marked C, anſwerable to which ia the 1 
-es is the natural number marked D, expreſſing | 4 
ct Ne ratio of the air's denſity at the ſurface of the 
id rh, to its denſity at the height of five miles; 


hence it appears, that at the ſurface of the earth, 
eair is denſer than it is at the height of five miles, 


— „ — — . ”y — 
| Hp — - _— — a 


* 


the proportion of almoſt 2+ to one; but then, 

ed W's is on ſuppoſition that the force of gravity con- 
he {Wives the ſame at all heights, whereas. in truth, that 
rec decreaſes in the receſs from the earth's center 


the duplicate ratio of the diſtance, which cauſeth 
he Ie denſities of the atr at different heights to be 
by me what different from what they would be in caſe 
a- Ne force of gravity did not vary. 
is In order therefore to determine the denſities more | 
nal Necurately, let S be the earth's center, and AB, equal pl. 7. 
A in the laſt figure, the earth's ſurface, and let Fig. 8. 
n- be the height at which the denſity of the air is 
of {quired ; let SK be a third proportional to SF and 
he A, and at the point K, let the ordinate KG be 
| R drawn 


EET, ie ian EY — — 3 2-05 
* —— - ö | ; 
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Lz qr. drawn; denating the denſity of the air at F, then 
XVI. taking the point M at an indefinitely ſmall diſtanqſ Hor 
alioveF, let SEL bea third proportional to SM andi 
SA; and at the point L, let the ordinate LN NI 
drawn; denoting the denſity of the air at M; thighy 
being done, it will appear, that the curve BGN 

which paſſeth thro' the points G and N, is the ſam Mog 
logarithmic curve with the former, but in an in ern 
verted poſition. For ſince SL is to SA, as SA if 
SM. and fince SK is to the ſame SA, as SA ere 
| SF, then by equality of ratio, SL is to SK, as & 
| to SM, and by diviſion and permutation, KL ut. 
to M, as SK to SM; or becauſe FM is indef d 
nitely ſmall, as SK to SF; that is, as SA to SFi 
whente reducing that analogy into an equation, anWliſt, 
Ox sd 58 * * TT) Ts 1x D 
dividing by SFr, we ſhall haye KL f 
ahd'rejefting S Al, as being à given quantity, wt 
Mall Have KL as FM directly, and 8 Fs inverſy 
But: FM is as the quantity of air in the indefinitch 
Hg ſpace FM, and S Fs inverſly is as the gravit 
tor ot tlie ſame air, and KG is as its denſity con 
fequehtly, the rectangle under KL and KG, or thi 
arta KGN L, is as the gravitation, the quantity 
and denſity of that air conjointly, that is, as its ptel 
ſuiſe on the air beneath it; and the ſum of all ti No 
fimilar areas below K G, is as the ſum of all ti e d. 

. preflures above F, that is, as the denſity of the 
at F, or as KG, which denotes that denſity ; ani 
KGNL which is the difference of the two ſums ¶ Peaſi 
al the ſimilar areas, one of which ſums begins froq e 
the point K, and the other from the point L, is Mere; 
the difference of the air's denſities at Fand M, thhenſit 
i, as KG— LN. Let now K L be given; that i 
to ſay, let the ſmall portion intercepted betweecſat t 
N and LN be always of one and the ſame lengi 
in whatever parts of the line AS the points K annſti 
Lare taken; then KG will be-as the area KGN di 


— * 
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ill be the meaſure of that given ratio; whence 


urve which paſſetlf thro” the points G and N is a 
garithmic curve; and it is alſo the ſame with the 
vrmer 3 for taking AO the height above the earth's 
urface indefinitely ſmall, it is evident, that the 
ce of gravity is the ſame at O that it is at A, 
vaſequently, the denſity of the air at O will come 
ut the ſame, whether the law of gravity be taken in- 
dthe conſideration or left out; let then the ordinate 
be drawn in the former curve, and at the ſame 
litance from A in the latter curve, let the ordinate 
be drawn. Now, ſince one and the ſame denſi- 
of the air at the earth's ſurface, is denoted in both 
s by the equal ordinates BA, it is evident, 
it the ordinates OP and PQ, which in che two 
urves denote one and the ſame denſity at O, muſt 
kewiſe be equal; whence it follows, that both 
res have the ſame curyature, as alſo the ſame in- 
lination of their tangents at the points B, and their 
wtangents equal; that is, the latter curve is the 
ame with the former, but in an inverted poſition. 
ow, foraſmuch as BA in the latter curve denotes 
e denſity of the air at the ſurface of the earth, and 
its denſity at F, it is evident by the firſt pro- 
Werty of the curve, that in this ſyſtem, AK is the 
neaſure of the ratio which the denſity at the ſur- 
ce has to the denſity, at F; the firſt thing there- 
ire which muſt be done, in order to diſeoyer the 
Wenſity at F, is to find out the line AK, and this is 
ne by diminiſhing A in the ſame proportion 
at the earth's ſemidiameter SA is leſs than SF, the 


ſtruction; SF is/to. SA, as SA to SK; whenee 
V diviſion, S F: SA: AF: AK. AK being 
us obtained, let it be called H ; then, by the ſame 
R 2 proceſs 


hd conſequently, as RG—LN:z whence by divi- LRG r. 
fon, KG will be as LN, ſo that the rat56: KG. XVI. 
LN is given, und of courſe the given lin KL 


y the firſt property of the logarithmic curve, the 
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liſtance of F from the earth's center; for by: the 
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LECT. proceſs as befor — we may diſcover he denſity 1 
(27% ,the air at the height F. 0 70 | 


| | nortney E feet, 
4005: 4000: : 5 : 4000X 5=4.99375== 26367. 
4005 
B EE. G 
26367 X0.42429448 = 0.3852 32. 2.4279, 
29725 ”Y 


For inſtance, if the denſity of the air at the 
height of five miles be required as before ; then 
by ſaying, as 4005 miles, that is SF, is to 4990 
miles, that is SA, ſo is five miles, that is AF, to: 
fourth, we ſhall have thé number marked E, er- 
preſſing miles, and parts of a mile, equal to 26267 
feet, which being multiplied by the fractional nun- 
ber marked B, and the product divided by the in. 
tegral number marked A, we ſhall have the fraction- 
al number of BRI OGG s tables marked F, anſyer- 
able to which is the natural number marked G, ex- 
preſſing the ratio of the air's denſity at the ſurface 
of the earth, to its denfity at the height of fire 
miles. After the ſame manner may the ratio of 
the air's denſity at the ſurface, to its denſity at any 
height be w wg: 02-4 The reſult of ſuch computs- 
tions I have ſet down in the annexed table; the 
firſt Column of which contains the heights of the 
air in Engliſh miles, whereof 4000 make a ſemi. 
diameter of the earth. The numbers in the ſecond 
column expreſs the ratio of the air's denſity at the 
farface, to its denſity at the reſpective heights, and 
they likewiſe denote the rarity or expanſion of thi 
air at thoſe heights. The third column contain} 
the denſities and compreſſions at the ſeveral heights 
The numbers at the bottom of the ſecond colum 
included in crotchets denote, that ſo many figures 


—— — — — 
= ———_ _— 
„ 


are to be annexed to the five preceding, and tho 10 
included in the crotchets at the bottom of the thir In 


colum 
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column denote, that ſo many decimal cyphers are LR r. | 


o be prefixed to the five following figures. 


[Heights of Rarity and ex- Compreſſion 
the air in Panſion. and denſity. 
Engliſh C1 5 

miles. 

O — 1 — 11 | 

; — 1.0454[0.95676 

I | — 1.0928[0.91509 
1 — 1.1424 9.87585 

I — -1.1943[0-55405 

| 14 — 1.242900. 80466 

1} — 1.3052[0.76616 

14 — 1.364400. 32990 
2 — 1.4263[0.70118.. "ry 
23|— E 14871 8 67244 * an. 
22 1.5586. 641660 0 55 
21. — 1.529200 8972 
3 1.70 310.58716 
33 — 1,7883[0-55919... 
3z — 1.85960 53775 "7 cold! 
34 — 1.946000. 1387 
4+ * N 2.0336 0.49173 I 1 
4+] — 2.1270. 47043 
41 | — 2.222 10. 4300 ũ -_  . 
— 4 —— 2.32260. 43012 
5 2.42790.41187 

10 3.918200. 16897 

20 — 34.288 [0.029164 

30 |—— 198.34 — o. 0050418 

40 [—— 1136. — f. oo08 8028. 

50 6449.2 —[0.00015505. 
100 3358413] ——|o. [7].26798 
400 11271124] — bo. [28] 88723 

4000 | 19316[150] —[0.1154]51770. 
40000 | 33097[276] —jo.[280]30214 

400000 328590301] -. 305130433. 
1000000 | 22002303 30746450 


37311[ 304] —[o.| 308 ]26802 
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Cee. Since SF is by conſtruction equal to pet 


XVI. 
hn 5 S. and ſince from the nature of muſical propor. I 


Exp. 8. 


or forcing ſyphon is ſcrewed to the top of the pip 


to the upper e nd is fitted” a"ſtopeock, by help 


tion, the {borients ariſing from the diviſion of one 
ate the ſame . quantity by antities in arithmetick e 
greſſion, conſtitute a ſeries of muſical pro . 
tion, ir follows, that if ſeveral diſtances My 
the earth's center'as 8, be taken in muſical pro- 
greſſion, their recip rbcals. as S K, muſt be in arith- 
merick' pr ts andi by the firſt property o 
the en mic curve, the denfities of the air as 
KG, muſt be in geometrick progreſſion. 
Since the gent of the air is proportional to 
the compreſſing force, and fintce the compreſſing 
force ig Wan to the elaſtick forte, it is manifeſt, 
that if the denfity of the air be incteaſed, the elf 
ricity wilt Ekewife increaſe in the fame proportion; 
and oh this' principle art founded artificial four 
tains, which play by mean 'of condenſed air; they 
art f two Eindt Hingle and deuble. The fing 
foüntaid is made öf braſs, And 18 every where ſhut, 
exct ting 00 my che wide of os baſon BB, 
there” Paſſes dbwn a pipe Pp, "whoſe lower end 
icheh near to the Bbtrotn of the fountain, and 


which the pipe may be ſhut or opened at Mleaſire, 
Some part of the fonntain as ADC, being filled 
with water ponred in thro” the pipe, a condenſig 


above the cock, by means whereof, a great quantit 
of air is crown into the pipe; which as it cannot 
return back, by reaſon of a valve which ſhuts cloſe 
upon the hole of the ſyphon, forces its way thro! 
the water into the upper part of the fountain, and 
there remains in a ſtate of condenſation, greater thi 
that of the outward air. When therefore the con 
denfer'is taken off, and the cock opened, the in 
duded air 1 Rtrongly on che water which lieg 


bencath 
Us 
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to 


| oportional to, and may be expreſſed, y the ex 
eſs of the denſity of the included air a 


ick l 5 air above that 
or. Wt che external air. For if the: wenne 
om ally denſe with that without, its elaſtick force 


nuſt be equal to the compreſſive force of the 
moſphere; conſequently; thoſe two forces will 
allance one another, and the water will continue 
reſt, being preſſed as ſtrongly downward by the 
eight of the external air, as it is upward by the 
panſive force of the included air; but if the in- 

ded air be more denſe than the external, its elaſ- 


ſ ub 5 

1 ck force will exceed the compreſſive force of 
ae atmoſphere, in the fame proportion that its 
on eaſity exceeds the denſity of the outward air; con- 


aded air which raiſes the water, is proportional 
„ and may be expreſſed by, the exceſs of the den- 


r, D for the denſity of the included air, an 
r the denſity of the air without, F. is as D — 1. 
The height in feet to which the water riſęs, ſet- 
ng aſide all impediments, is equal to the product 
ng from the multiplication of 33 into the ex- 
of the denſity of the included air above that of 
e outward air; that is, putting H for the height 
If the jet, and x for 33, H=xD—x. 
For as water which is driven out of a reſervoir by 
? prefſure of the incumbent water, if it ſpauts di- 
etly upward, riſes to the ſame height with the wa- 
Er in the reſervoir; ſo if it be driven by any other 
orce, it muſt riſe to an equal height with a pillar 
If water whoſe preſſure is equal to that of the driving 
orce; foraſmuch therefore as the atmoſphere makes 
equal preſſure with. a height of watet ol, g bit 
2 the 


nakes a jet. „ Ec Þ XVI. 
The force wherewich the water is thrown'ep, i 


quently, that part of the expanſive force of the 


ty of the included air above that of the external air. 
o that putting F for the force which raiſes T 
A * 
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Ltcr. the Vater will be thin to che height of 33 feet 
XVI. 10 the dort preflive force of the arxmoſphere; Where. 


Pl. 7. 
Fig. 10. 


Exp. 9. 


and fy," one is to 33 or %;"fo'is D—r, which 


that without, the water will riſe to the height a 
33 feet; and if D—1 be equal to 2, which is th: 


the two fountains with their baſons 3 CC the hol 
law, cylinder, which plays upon the pins DD 


' ſing from the baſon of BB, and paſſing thro tha 
fountain and the cylinder, opens into the founta! 
AA., The hollow cylinder being placed in an up 


Or ENEUMATICKES: 


EP TE put 1 for the preffare of the atmoſphere; 


reſſes that part of the preſſure of the included 
air which drives out the water, to a fourth propor. 
tional, we ſhall have x Dx, or xx D—1, fo 
the height to which the water is thrown 3 when: 
it appears, that if D—1 be equal to unity, which 
is the caſe when the air within is as denſe again u 


caſe when the included air is thrice as denſe as th 
22 the height of the jet will be 66 feet, and 
o on. 
The double fountain conſiſts of two ſingle four 
tains, whoſe bottoms are faſtened to an hollow briſ 
cylinder, one at each end, in the manner repre- 
ſented in the figure, wherein AA and BB dene 


* 4 1 


upon an axle; each has a pipe as P, whoſe lome 
end reaches nearly to the bottom of the fountain 
From the baſon. of the fountain AA, there iſſues 
another pipe as T, which paſſing thro” AA, anc 
likewiſe the hollow cylinder CC, without commu 
nicating with either, opens at E into the founta! 
BB. And in like manner, ſuch another pipe i * 


right poſture by means of the carriage which ſup 
ports it, and the pipes of the lower fountain being 
ſtopped, water is conveyed into it thro? the pipe 
ho RIG iſſues from the baſon of the upper foun 
tain 3, y the rupning in of the water the air con 
tained, in lower fountain is crowded into 
ſmaller ſpace, and thereby condenſed ; if then by 


$heil 6 4444 


is taken in. 


to the production of ſounds, ſo the tremblings 
which great guns, bells, drums, and many other 
lounding bodies communicate, by means of the 
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the pipes of the upper: fountain, ende. | 
the — fountain be brought into ane iges df 1 
the upper, by turning the cylinder, on its pins, the 
water which it contains will fall to its hottom, and 

the lower end of the pipe P will be immerſed there · 

in, in the manner repreſented in the -upper. faun- 
tain; ſo that upon opening that pipe, the water 
will be driven thro” it by the expanſive force of the 
condenſed air; and as it falls into the bafon, it 
will be conveyed thence by the pipe T into the 
lower fountain; and when the upper is exhauſted 
and ceaſes to play, then ſtopping its pipes, and 
changing the places of the fountains as before, the 


* 


other may be ſet a going in the ſame manner. 
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N this lecture I ſhall, firſt explain ee Lecr. 

NATURE OF SouNDSs,, and then treat of the XVII. 
VIBRATIONS of MUSICAL SrRINGCSJ . 

That SounDs have a neceſſary dependance on 
the air, will appear from the following experi- 
ment. I e 

Let a bell be placed under a receiver in ſuch a Exp. 1. 
manner as that it may be rung at pleaſure; and up- 
on drawing the air out of the receiver, the ſound of 
the bell will grow leſs and leſs audible in proportion 
to the degrees of exhauſtion, ſo as at laſt almoſt to 
die away, and ſcarcely to be heard at all; and up- 
on re- admitting the air, the ſound will revive again, 
and increaſe in proportion to the quantity of air that 


As this experiment proves the air tobe neceſſary 


intermediate 
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LE cT. intar media te air, to fuch badiey-as are near them, I, 
VII. plainly ſhew, chat ſounds depend on tremulous mo. iN... 
| to explain to you, together with the cauſe and man. Net 
ner of their production. When the pure of a bell, In 
a muſical ſtring, or any other elaftick body are ſe 
in motion by a ſtroke, they vibrate, that is, they 
go forward and return back ward alternately thro 
very ſhort ſpaces; in going forward they propel, 
and thereby compreſsand condenſe the air which lies 
next them; and in returning backward, they uf. 
fer the compreſſed air to recede and expand itſelf, 
ſo that the parts of the air which are contiguous to 
the trembling body, go and return in the ſame 
manner with the parts of the body; and as they 
ate endued with a repulſive power, they muſt by 
means thereof excite the, ſame vibrations in thoſe 
Ports hich lie next beyond them; and theſe again, 
muſt indike manner agitate the parts beyond them, 
— and ſa on continually; ſo that by one ſingle vibra- 
tian of ;,aniclaſtick body, a motion is excited in the 
| ain. propagated. directly forward, by which 
| ſomg parts go for ward, whilſt others return back, 
| and chat alter nately, as far as the motion reaches, 
ſ | That ſthis motion may-morereadily be conceived, 
pl. 5. let: S repteſent an elaſtick ſtring, ſtretched and 
| Fig. 11. made faſt at both ends; and by a force applied to 
> the,migdle point N, let it be drawn into the poſi: 
| tion SET; upon the removal of the force which 
| 
| 


infects it, it will by vertue of its elaſticity return to 
its fopmer poſition SHT; and foraſmuch as the re- 
ſticutixe force acts conſtantly upon it during the 
time of its motion from Eo H, its motion thro' 
that ſpace muſt he continually accelerated, and the 
| velocity thereof mult be greateſt, at H. When the 
= ſtring has recovered the poſition, SHT, it will not 
remain therein ; but by vertuę of the velocity ac. 
quired in moving from E to. H, it will be carried 
tor ward till it has moved thro? a ſpace as H K, equal 
8 | | to 


= 

= 

J 

4 

| | 

0 
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Io EH, and then its motion forward will eeafe; for LE c T,- 
0 Is it moves towards K, the elaſtick force acts conti- XVII. 


ur {rally upon it in drawing it back, and by ſo doing, 
retards the motion from H to K, in the very ſame 
manner that it accelerated the motion fror E to H; 
conſequently, by the time that the ſtring has moved 


Jom H to K, it will have loſt all that velocity 
v Wyhich it acquired in moving from Eto H; as ſoon 
. Ws it ceaſes to go forward, it will be brought back 
& WW:ozin from K to H by the force of elafticity'y'with 
. Nin accelerated motion, in the very ſame. manner as 
„eas at firſt from E to H; and when it has arri- 


ed at H, it will by vertue of the acquired veloci- 


me manner as it did from H to K. The motion 
I et the ſtring from E to K and back again, is called 
e N. vibration; and it is evident from what has been 
0, aid, that ſetting aſide all external impediments; a 
, ring which has made one vibration, muſt continue 
4- Jo vibrate for ever thro? the ſame ſpace; but, where 
e Is it meets with continual reſiſtance from the ait; the: 


nd yet, notwithſtanding this variation in theſpace, 


4. Mike times of the vibrations are all equal, as I 
ad lan demonſtrate before the cloſe of this lecture: 
N but I take notice of it in this place, becauſe one of 


the chief properties of the pulſes of the air, where- 
of T ſhall have occaſion to make mention preſently, 
has a neceſſary dependance thereon, 
When the ſtring is drawn into the poſition'SET, 


- 


of air placed ina right line one beyond another, and 
he tat the diſtance of the firſt particle from the ſtringat 
be IE, is equal to the interval of any two adjacent par- 
zor cles, as it muſt needs be, on ſuppoſition that the 
e erticles of the air fly from other bodies with the 
ame force that they repel one another; upon — 

ene ON: ? ting 


Ly 


7, go on to E, with a retarded motion, in the 


pace thro? which it vibrates, muſt on that acebdunt 
grow leſs and leſs continually, and at length vahiſſi ; 


if we ſuppoſe A, B. C, and ſo forth, to be particles 
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Lz er. ting the ſtring go, as it cannot move forward with. 
4 2 out: approaching to the particle A, it muſt in the 
verymext inilant after it begins its motion, prope! 
that particle; Which for the fame. reaſon, muſt in 

the next inſtant after it begins to move propel the 
particle B, and that muſt in the ſame manner pro. 

pol C, and C propel D, and ſo on; ſo that the 

ing, and the ſeveral particles of air taken in 

their; order, will begin to move forward ſucceſſive. 

ly one after another, at very ſmall intervals of time, 

And whereas the ſtring is accelerated in its motion 

from E to H, and retarded in its motion from H 

to K, the particle A muſt likewiſe be accelerate 

in one half of its progreſs, and retarded in the 
other's: for ſince A is equally . diſtant from the 
ſtring, and from B, before the vibration com. 
mences, and ſince it begins to move for ward a litt: 

later than the ſtring; it is evident, that upon the 

gilt mgtion of the ſtring, the diſtance between that 

and A, muſt become leſs than the diſtance between 
A;and:iB-z; and, toraſmuch as the increments of ve. 

logity which are continually generated in the ſtring 

bythe action of its Elaſticity, are not communicated 

to the particle A, in the inſtant of time wherein 

ey are generated, but a little later; it is mant- 

eſt, that the ſtring during its motion from E to 

H, muſt continually be nearer to A than A is to 

B and conſequently, muſt act more forcibly in 
driving A forward, than B does in driving it back- 
ward, and by ſo doing accelerate its motiofi; After 

the ſtring has arrived at H the middle point of 1ts 
progreſs, and ceaſed to be accelerated, in the very 

next moment A likewiſe reaches the middle point 

of its progreſs, and ceaſes to be accelerated, being 
driven as ſtrongly backward by B, as it is forward N tin 

by the ſtring. But however, by vertue of the ac- Nucl 
quired motion, it continues to go forward, but with I mu 

a retarded motion; and is at length ſtopped by the re, 

I 8 repulſive to 0 
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pulſive power of B; in the ſame manner chat the 


it ſtopped by the action of its elaſt ick force: After 
he ſtring has reached K, the utmoſt limit of ĩts pro- 
refs, in the very next moment does Alike wiſe reach 
he utmoſt limit of its progreſs, and then turni 
ack, purſues the ſtring, which had like wiſe tur 
ack 1 moment before. And as the ſtring is ac- 
derated during its return from K to H, and retard- 
d from H to E; fo the particle A during the firſt 
half of its return, being nearer to B than it is to 
e ſtring, muſt he accelerated; and during the 
utter half, being nearer to the ſtring, is thereby 
retarded, and at length ſtopped upon its arrival at 
e place from whence it ſet out, which happens 
mmediately after the ſtring has returned to E; and 
ere it continues at reſt, unleſs by a ſecond vibra- 
tion of the ſtring it be again driven forward in the 
ame manner as before. As this particle is made to 
o and return thro? a very ſhort ſpace, by tlie im- 
pulſe of the ſtring, ſo likewiſe are the ſeveral ſuc- 
ceding particles, by the impulſes of the foregoing; 
ind as the ſtring, and the ſeveral partickgtaken in 
their order, begintheir motions forward, — 
one after another at very ſmall intervals 6f time, ſo 
likewiſe do they begin to return in their order at the 
ame intervals of time; whence it follows, that ſome 
of them muſt go forward, at the ſame time that 
others return back. As the particles which go for- 
ward begin their motions ſucceſſively one after ano- 
ther, they muſt neceſſarily come nearer together; 
that is, they muſt be condenſed. . And it muſt/be 
obſerved, that the condenſation goes forward con- 
tinually; for in the very next inſtant after any par- 
icle as D, has made its neareſt approach to E, 'E 
muſt make its neareſt approach to F; and in the 
next inſtant F muſt make its neareſt approach 
to G, and ſo on continually; fo that the conden- 
| {ation 


fing in moving from H to K is retarded; and at XVII 
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XVII. manner thre* the ſeveral particles of air. 


" by But that I may explain this vibratory motion of 
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the air more particularly, it muſt be obſerved, that 
as the ftring during the firſt half of its progreſs from 
E to H is contirygally accelerated, its diſtance from 
the -particle'' A, muſt conſtantly grow leſs; and 
foraſmuch as during the latter half of its progrely 
from H to K, it is continually retarded, and that 
in the ſame uniform manner that it was accelerated 
from E to H, its diſtance from A muſt conſtantly 
be inlarged, and that in the ſame regular manner 
that it was diminiſhed during the progreſs of the 
ſtring from E to H; fo that By the time it has ar- 
rived at K, the utmoſt limit of its progreſs, it is 


juſt as far diſtänt from the particle A, as it wa 


when it firſt ſet out. Upon the return of the ſtring 
ivaſmuch as it is continually accelerated from K to 
H; its diſtance from the partiele A muſt ſtill be 
inlarged ; and foraſmuch as it is retarded in its 
motidn from H to E, in the very ſame manner v 
it Was acecletated from K to H, its diſtance from 
A mulſt-gonſtantly grow leſs in the ſame regular 
manner that it was inlarged duritig its motion from 
K to H, fo that upon its return to E, it is again 


juſt as far diſtant from the particle A, as it was 


it is evident, hat the ſtring during the time of its 
progreſs, is always nearer to the particle A, than 
it was before its motion began, and that its leaſt 
diſtance from the particle is at H, the middle point 
of its progreſs; it is likewiſe manifeſt, that during 
the time of its return, it is always more diſtant 
from the particle than it was before its motion be- 
gan; and that its greateſt diſtance from the parti- 
ele is at H, the middle point of its return. And 
hat has been thus ſhewn of the ſtring with reſpeft 
to the particle A, is in like manner true of that 

800 Salbe particle 


at its firſt coma out. From what has been ſaid, 
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particle with. reſpect to the particle B, and of B LE r. 
with reſpect ro C, and ſo on of every Particle, XVII. 
ith reſpect to that which lies immediately beyond 
it; as far as the motion reaches; ſo that each par —+ 
dcle- with regard to that which lies immediately 


return. What proportion theſe rarefactions and con- 
lenſations bear to the denſity of the air in its natural 
ſate, in every point of that ſmall ſpace thro* which 
z particle of air vibrates, ſhall be ſhewn in my next 
ture, as alſo the law of this vibratory motion. 
As the parts which go forward, do in their pro- 
reſſive motion ſtrike ſuch obſtacles as they macet 
In their way, they are for that reaſon called p{/es 3 
ind the ſenfations which are excited in the mind by 
the ſtrokes of theſe. pulſes on the drum of the eat 
called ſounds; ſo that, ſounds as conſidered in 
eir phyſical cauſes, are nothing elſe but the pulſes 
if the air. In order therefore to explain the na- 
ture of ſounds, - I ſhall lay before you the; chief 
properties of theſe pulſes 
The firſt of which is, that they are propagated 
rom the trembling body all around in a ſpherical 
manner. For tho? the parts of the body, by whoſe 
nbrations the pulfes are generated, do go and re- 
turn accord ing to certain directions, yet foraſmuch 
8 every impreſſion which is made on a fluid is 
propagated every way throughout the fluid, what- 
ever be the direction wherein it is made, the pulſes 
muſt ſpread and dilate, ſo as to form themſelves 
nto concentric ſpherical ſurfaces, or rather thin 
ſhells, whoſe common center is the place of che 
id Founding body. And hence appears the reaſon 
& rhy one and the ſame ſound, may be heard by 
at ſeveral perſons, - tho*. differently ſituated with: re- 
e pect to the ſounding body. >: 1 
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the 


beyond it, is in a ſtate of condenſation during its 
progreſs, and of rarefaction during its return, ita 
greateſt condenſation, being at the midſt of its pro- 
gels, and its greateſt rarefaction at the midſt of its 
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Lrcr.:. A ſecond property of the pulſes is, that 
XVII. grow: leſs and leſs denſe as they recede from f. 
—Y— ſounding body, and that in the fame proportion 
with the. ſquares. of their diſtances, from the body, 
For;whatever be the force wherewith the ſounding 
body acts on the firſt ſpherical ſhell of air, with 
the very ſame force does that ſhell act upon the ſe. 
cond, and that again upon the third, and ſo on con- 
tinually; ſa that the force which condenſes the air in 
the ſeveral ſhells is given; conſequently, the con. 
denſations which it produces in thoſe ſhells, mul 
be inverſly as the reſiſtances it meets with; but 
the reſiſtances are as the ſnells; and therefore, ſince 
thoſe. increaſe continually in the ſame proportion 
with the ſquares of their diſtances from the center, 
their denſities muſt decreaſe in the ſame manner. 

By reaſon of this diminution in the denſitics df 
the pulſes, thoſe which are farther removed from 
the ſaunding body, make {lighter impreſſions on 
the drum of the ear, than thoſe which are leſs diſ- 
tant; and hence. it is, that ſounds grow leſs and 
leſs auclible, the farther they go from the ſounding 
body and at certain diſtances, become ſo weak a 

not to be, heard at all. . F008 Ar | 
A..ctird property of the pulſes is, that all of 
them, whether denſer or rarer, move equally ſwilt, 
ſo as to be carried thro? equal ſpaces in equal times, 

as I ſhall demonſtrate in my next lecture. 
From this property it follows, that all ſounds, 
whether they be loud or low, grave or acute, move 
equally ſwift, the ſofteſt whiſper making equal ſpeed 
with the noiſe of a canon, or the loudeſt thunder. 
clap; and it has been found by experiment, and! 
ſhall likewiſe demonſtrate in my next lecture, that 
founds.move at the rate of 1142 feet in a ſecond of 
time or thereabouts; for the velocity is not pre- 
ciſely the ſame in all ſeaſops of the year, but 15 
| ſomewhat greater in ſummer than in winter, on ac: 


| 2 : | * 
| . Count of the heat which renders the air more claſ- 
tic 


| NDS | 

tick in proportion to its denſity, than it is in the 
on winder feaſdint v9 2 fo 12G]. 200 5 
A fourth property of the pulſes is, that all thoſe 


ve which are excited by the vibrations of one and the 
„ae body, are at equal diſtances from one another. 
y For ſince each pulle is excited by one ſingle vi- 
5 ration of the ſounding body, and fance, all the 


uſes move with equal and uniform velocities, it is 
nanifeſt, that they muſt ſucceed one another at 
liſtances proportional to the times of the vibrations; 


Mathe times of the vibrations 5 one and the ſame 
are all 1 * conſequently, the intervals of 
"WW: pulſes are fo too. And it muſt be obſerved, 


the interval between two pulſes; which is by 
me called the lengib, and by others the breadrbof 


ble, is that ſpare thro' which the motion of the 
Wis carried, during the time, wherein any one 


rticle performs its vibratory motion in going for- 
ard and returning back. | 2 
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1 On the intervals of the pulſes depend the tones of 
ends; and here I muſt obſerve to you; that al! 
" We variety there is in ſounds, reſpects either their 


ey are diſtinguiſhed into bud and lo; and with 
pect to their tone, into grave and acute, ather- 
le called fat and ſharp. The ſtrength of any 
und depends on the magnitude of the ſtroke; 
uch is made by a pulſe on the drum of the ear; 
e greater the ſtroke is, the louder is the ſound 


* ch it excites, and the weaker the ſtroke; the 
ed er the ſound; and whereas all the pulſes, move 
er. T equal velocities; the magnitude of the ſtroke, 

d conſequently the ſtrength of the ſound; muſt 


as the quantity of matter in the pulſe z that is; 
| of rectangle under the denſity and breadth of the 
ule ; and ſuppoſing the breadth of the pulſe to 
given, it muſt be as the denſity. 
he tone of a ſound depends on the duration of 
u. (*roke ;, the longer a w_ is which à pulſe _ 
* 3 „N. „% „% oe 9 


rength or their tone; with regard to their ſtrength, 
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on the drum of the ear, the more grave is the * 


ſound which it produces; and the ſhorter the ſtroke, 
the more acute is the ſound; but ſince all the pulſe 


move equally: ſwift, the duration of a ſtroke mul 
be proportional to the interval between two ſucceſ. N 


ſive pulſes; and of conſequence, a ſound is more i 
leſs grave or acute in proportion to the length of th fo 
interval. Hence it follows, that all the ſound un 


from the loudeſt to the loweſt, which are excited Hut 


- with, reſpect: to the baſe note below it, and th 


opinion, that all the harmonic ſounds, that is, ſus 


the vibrations of one and the ſame body, are of ont 
tone, It likewiſe follows, that all thoſe ſounding, 
bodies, whoſe parts perform their vibrations in equi of 
times, have the ſame tone; as alſo, that thoſe be 
dies which vibrate ſloweſt, | have the graveſt Mil 
deepeſt. tone; and on the contray, thoſe which | 
brate quickeſt have the ſharpeſt; or ſhrilleſt tone. Noni 
As there may be an infinite variety in the tin ie e. 
wherein ſounding bodies perform their vibratiꝶ lic 
ſo may there likewiſe in the tones of the ſoui 

9 thereon; and yet amidft this ge d 
variety, muſicians acknowledge but ſeyen princii Nautic 
notes in an actave; ſor tho the eighth be requiſi c uit 
to compleat the ſeven intervals in an octave, yetu ¶unſet 
there in truth but ſeven notes; for that which Mund 
called the eighth, becomes the baſe or ground noi; | 
197the next octave aſcending ; and as it ſtands! | 
the limits of the two octaves, it is called the eight 


ground or baſe note with reſpect to the 15th wi Dou 
is above it ; which 15th is likewiſe the baſe in Mees: 
next aſcending octave; for by a repetition of not d ar 
wherein the proportions of the times of the notes y m 
the firſt octave are preſerved, the octaves may l 
continued on both ways, aſcending and deſcendim ts; 
and that in infinitum; and yet, notwithſtanding iu dina 
inſinite progreſſion in the octaves, the number Melocit 
harmonic ſounds is limited. Mr. SauveuR 150 


ſouids as cap be heard diſtinctly and with plealurgi 
e ad 


O# SOUNDS, 
nd in whoſe tones a difference can be clearly pet 
ived by the ear, lie within the compaſs of ten oc- 
ves; as alſo, that all ſounds whatever, from the 
oweſt harmonic found, to the higheſt that the hu- 
man ear can well bear, ate contained within the li- 
its of two octaves more. And if this be the caſe, 
t follows, that that body which gives the ſhrilleſt 
dund that the ear can bear, makes 4096 vibrations 
1 the ſame time that one vibration is performed by 
hat body which gives the graveſt harmonic ſound; 
or ſince in every octave, the time of the eighth is 
of the time of the baſe note, if + be raiſed up to 
ie 12th power, it will exhibit the time of the 
hrilleſt ſound, that of the graveſt being unity; but 
he 12th power of + is the 4096 part of an unit; 
onſequently, the time of the ſhrilleſt ſound that 
he ear can well bear, and likewiſe of the vibration 
hich produces it, is to the time of the graveſt 
krmonic ſound, and of the vibration whereby it is 
roduced, as 1 to 4096; but the times of the vi- 
ntions of two bodies are inverſly, as the numbers 
[vibrations which they perform in a given time 
mſequently, the body which gives the ſhrilleſt 
und performs 4096 vibrations in the ſame time 
at the body which gives the graveſt harmonic 
und performs one; and foraſmuch as Mr. 
uv xu x has found by ſome experiments which he 
ade on organ pipes, of which I ſhall give you an 
count in my next lecture, that a body which 
wes the graveſt harmonic ſound, vibrates 12 times 
dan half in a ſecond, the ſhrilleſt ſounding bo- 
moſt perform 51100 vibrations in the ſame 
ne; which argues great ſwiftneſs in the vibrating 
ts; and yer, great as it is, it has nothing extra- 
Unary or ſurpriſing in it, if compared with tlie 
locity of ſome other motions ; for if we ſuppoſe 
e parts in each vibration to run thro? a ſpace equal 
the 10th part of an inch, tho? it is highly Pro- 
ble, that the lengths they run are much * 
8 2 an 


LEA. aid if we ſuppoſe them to move with the ſame veloc 
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ty during the whole time of their motion; it follow 
thatthey are carried at the rate of 425 feet and te; 
inches in a ſecond; conſequently, they do not moy 
with much more than two third parts of the velocit 
where with a ball flies from the mouth of a cannoy 

The fifth and laſt property of the pulſes is, HHH 
they may be propagated together in great numbe 
from different bodies, without diſturbance or co 
fuſion; as is evident from conſorts, wherein th 
ſounds of the ſeveral inſtruments are conveyed dil 
tinctly to the ears of the audience; as they mo 
along, ſome of them coincide and ſtrike the dru 
of ,the ear at one and the ſame time, and thereb 
Excite a ſmooth regular motion, that is pleaſi 
and agreeable; whilſt others which do not me 


1 7 


ſick ; ſuch ſounds generally ſpeaking, being deem 
concords, as are excited by pulſes which have ir 
quent coincidences z and on the other hand, {ud 
ſounds being called diſcords, as. ariſe from pull 
which coincide but rarely. b 
The frequency or infrequency of the coincidence -. 
depends on the proportions which the intervals 
the pulſes bear one to another.; as I ſhall ſhew y- 
in relation to the ſeveral notes in an octave; in dd 
ing of which, inſtead of the pulſes and their 1nte! 
vals. 1 ſhall conſider the vibrations of the bod! 
which excite the pulſes, and the times of tho: 
brations ; becauſe the number of pulſes is ala 
equal to the number of vibrations in the ſounch | 
bodies, and the intervals of the pulſes proportion 
to the times of the vibrations. | 
It two vibrating bodies begin their motions tog 
ther and vibrate in equal times, it is maniteſt, a 
2 | if 
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eir vibrations muſt keep pace together, and con- LE c T. 
tly coincide. But if the vibrations be performed XVII. 
| unequal times, it is plain that they cannot con- 
untly keep pace together; for which reaſon Tome 
them only will coincide ; and Which thoſe are 
my be determined from the times of the vibrati- 
ns; for ſince the numbers of vibrations, whichare 
erformed in a given time, are inverſly as the times 
che vibrations, if the numbers which expreſs the 
mes of the vibrations of two bodies be taken re- 
tprocally, they will exhibit the coincident vibrati- 
ns of the reſpective bodies. For inſtance, if the 
me of the vibrations of one body, be to the time | 
the vibrations of another, as 8 to 9, which is the 4 
ſe of two bodies, whereof one ſounds a ſecond or 14 
Ine major to the other, every ninth vibration of f ik 
| 
| 


ke former caincides with every eighth of the latter. Mi 
0 again, if the. times of the vibrations he to one. 1400 
other, as 5 to 6, which 1s the caſe, where one #40 


ling vibration of that body which ſounds the 
e, and the numerator the coinciding vibration oſ 
e body which ſounds the baſe note. 7 EX 

155 8 3 Having 


ay ſounds a leſſer 3d to the other, ever 17 vi- 1 | 
1 | , SE. | . is; vg 
ion of the former falls in with every fifth 0 the 14 

er. IS) =_ "PRC EINE 41/4 
; In this ſcheme, I have | : Eight. 1 85 5 | | 
” down thoſe fractional 15 Greater ſeventh, — 77 Til 
1 mbers which expreſs 3 Leſter ſoventh, — 14 

e proportions that the + Greater fixth, _ ., bale 
bol the vibrations of + Leſſer fixth, 11 
"Wl: bodies, which ſound 3 Fifth. : 109 
Y le ſeveral notes in an # Fourth. | 1 | 
0 cave, bear to the time Greater third. | 4 
i the vibration of that 5 Leſſer third. 25 174 
7 which ſounds the 53 Second or tone major. 3 14 
e note; by the help 1 Baſe note. J 177 
po whichnurabersthe co- „ 22 1/4 
17 ſeident vibrations may be readily. diſcovered, For wet 
oi each fraction, the denominator exhibits the coin- 1 | 
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expreſſed. by CB; whilſt the other acts in drawing 


| Having thus explained the nature and properties 
XVII. of ſound, I come now to give you an account of 


in moving the ſtring upward, is to the whole force 


force which acts in drawing the ſtring upward, 
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thev1BRATIONS of MusrcaL STRINGS, and to 
ſhew' you in what proportions the times of the vi- 
brations are varied, by varying the length, thick- Ne 
neſs, or tenſion of the ſtrings; and in order there. 
to, I ſhall lay down the following PRopOs 7 10x, 


Tit an elaftick firing as AB, faſtened at A, and 
paſſing: over a ſmall pin on pulley at B, be firetched by 


an appending weight as P,'(which Iſpall call the tend. ue 
ing force); and by a force applied at the middle porntMiror 
C, (which: Ipball call the inflecting force), let it H 1 
drawn into the pofitieon ADB; if the diſtance between. o. 
Cand D le exctedingliy ſmall in proportion to the lengii et 


Hibe ſtring, ar, to ſpeak. in the mathematical phraſe, 
F C be a naſcent quantity, the inflefting force ui 
bel meaſured iy a reftongle under the ſpace CD, and 
the tending farce applied to the length of the ſtring 
For ſince the tending force acts upon the ſtring in 
the direction DB, it may be denoted by that line, 
and being ſo denoted, it may be reſolved into tw 
forces, whereof. one acts in pulling the ſtring hor! 
Zontally in the direction CB, and is therefore to 


the ftring perpendicularly upward from D towards 
C, and is therefore to be expreſſed by the line DC 
ſo that that portion of the tending force which ads 


as DC to DB; or, becauſe D and C are ſuppolerri 
to be indefinitely near, as DC to CB; but tix 


equal to the. inflecting force, becauſe they ballancy 
each other; conſequently, the inflecting force is toi 
the tending force, as CD to CB; and turning thi 
analogy into an equation, by multiplying the es 
treams and means, and then dividing by CB, We 
hall have the inflecting force equal to a rectangle 
under the tending force,” and the line CD, applic 

| | | | { 
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of braſmuch as whole quantities are in proportion as XVII. 


toll teir halves, the inflecting force will beas a rectangge 


zi. Wunder the tending force and the line CD, applied to 
k. Ilie length of the ſtring; ſo that putting F for the 
e. Jiaflecting force, P for the tending force, S for the 
ine CD, and L for the length of the ſtring, F is as 


4 Hence it follows, that if P and L, that is, if 


te tending force and length of theſtring be given, 
the inflecting force is as the line CD, as will appear 
om the following experiment. d {OH on) 
Let a ſmall braſs wire three feet long, faſtened Exp. 2. 
zone end, and paſſing over a pin ſo as that when 
fretched it may be in an horizontal poſition, be tend- 
ed by a weight of three pounds; and let half an 
unce, and an ounce, be appended ſucceſſwaly 
o the middle of the wire; in the former caſe, the 
point of ſuſpenſion. will be drawn down 3th parts 
f an inch, and in the latter sts 
Since the force which inflects a ſtring of a given 
length, and tended by a given force, is as the ſpace 
D, thro? which the ſtring is bent; the force where 
ith the ſtring reſtores it ſelf, muſt likewiſe be as 
D, becauſe the reſtitutive force is in all caſes equal 
othe inflecting force; conſequently, the point D 
k carried towards C, by a force that varies with 
he diſtance; and therefore, whatever be the diſtance 
u which it begins its motion, the time wherein it 
wrives at C will ſtill be the ſame ; as I proved in 
any lecture on the pendulum. Whence it follows, 
at the vibrations of one and the ſime ſtring, whe- 
er they be through larger or ſmaller ſpaces, are 
i I in equal times. | 
f Land 8 be given, F is as P; that is, if the 
length of the ſtring, and the ſpace thro* which it is 
ent be given, the inflecting force is as the tending 
Worce ; or, in other words, one and the ſame ſtring, 
S 4 being 
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LRC T. being tenided' by different forces, will upon the in. WF 
XVII. flexion be drawn down equal ſpaces by inflecting Wmc 


Bop. 3 


* 


thken the mofii £ 
der the force” 


weight of 'ſne pounds, and it will require one ounce 


the lengths of the ſtrings. 


| ſame bent to the wire which was of a double length, 


force,” For if, as in the cafe of gravity, we 1up-W 


OF BUASTICK STRINGS. 


forces, which are to one another in the ſame pro- 
portion with the tending forces. 
Let the ſame wire as before, be tended by x 


td draw it down's$ths of an inch, and two ounce 
ta draw it down reths ; whereas, when it was tend. 
ed by a weight of three pounds only, it was drawn 
down the ſame ſpaces hy half an ounce, and an 
ounce. 1 ä 


— . ; 
FP 70 O? » 
* — - Cr 


If P and 8 be given, F is as 1 that is, if the 
force which tends the ſtrigg, and the ſpace thro! 
whiely it is bent be given, the inflecting force is in. 
verfty as the length of the ſtring 5 or, in other words, 
if ſtrings of different lengths be tended by equal 
förcks, cdey wil be drawn throꝰ equal ſpaces by in- 
flecting forces, which are to one another inverſſy a 


Let à ſmall braſs wire a foot and an half long, 
be tended by a weight of three pounds, and it wil 
require an ounce to bend it down +#ths of an inch, 
whereas half an ounce was ſufficient to give the 


and under the ſame tenſion. ©  _ 


De time of a vibration of an claftick firing is nis. 
ſured by a ret angle, under the length and diameter“ 
the firing, applied do the ſquare "root of the tending 


Poſe the force wherewith the inflected ſtring reſtores 

it: ſelf to act uniformly, as we ſafely may, becauſe 

the pace thro? which it acts is exceedingly ſmall; 

, 8 generated will be as a rectangle un- 

1 In IA the time of its acting; 1o tha an. 
Bs de NMI or Ahe motion, F for the reſtitutix 

rec ang, J. For the time of its acting, M i 5 
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in- WF T; but the motion is as the quantity of matter Leg Te: 


ng {moved into the velocity wherewith it. moves; and 
ro- In this caſe, the quantity of matter is as a pr 


ts diameter; wherefore, putting D, L, and V. to 


under the length of the ſtring, and. the ſquare. of 
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XVII. 
— 


ce Meenote the Diameter, length, and velocity FT is 
ces D' LV ; and dividing both ſides by F, J. is as 
d. . 


he time, that 15 F. 18 as 


—p— bot the reſtitutive force of the ſtring be- 


ng equal to the force which inllects it, and that 
wing been proved to be = ; wherein S denotes. 


＋ 77 


be ſpace thro? which the ſtring is bent, P che tend- 
ng force, and L the length of the ftring; if in- 


DEV 


8 
ſtead of F we enten T will be as. pF" 
but the velocity applied to the. "ſpace 3 is inyerfly as 


= and therefore, i ing 


tead of that, ſubſticuring this, and myltiplyi ing 


AI 


both ſides by T, we hall have T', 485 e 


5 DL. 


nd therefore, exirating the root, Ti is as — 


% 


nat is, the time of a vibration, is as a rectangle 
der the diameter and length of the ſtring, applied 
o the ſquare root of the tending fofce. 

Hence it follows, that if Dand P be given, T i is 
L; that is, if the diameter of the ſtring and 
he ending force be given, the time of the vibra- 
ions varies with the length of the ſtring; as is ma- 
feſt from the diviſion of the monochord, wherein 
& parts of the chord which ſound the ſeveral notes 
Wi an octave, have the ſame propartions to the whole 
ord, that the times of ch 

0 the time of the baſe note; as for inſtance, one 


jt of the chord ſpunds an octave to the whole, 
* 


c reſpeCtive notes have p,, * 


— —— _ 


— 


— A 


— — 
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LzcT. whoſe time is one half of the time of the baſe note;  yþ 
XVII. and + of the chord ſound. a fifth, the time whereof I iin 


Exp. 7. 


roots are to one another inverſly as the times of the 


is } of the time of the baſe note, and ſo of all the I ve 


reſt. a 171 MY dene ide. 

If P and L be given, then T is as D; that is, N che 
if the tending force and length of the ſtring be Mroo 
given, the time of the vibration is as the diameter Mthe 
of the ſtring ; as will appear, if two wires of equa all 


lengths be tended by equal weights, the diameter 


of one being the goth of an inch, and that of 
the other the {oth pare {6p the former will ſound 
an octave to the latter. a 

It D and L be given, then T is inverſly as the 
ſquare root of P; that is, if the diameter and 
length of the firing be given, the time of the vibry 
tion is inverſly as the ſquare root of the tending force; 
as will appear, if eleven wires equal as to length 


and thickneſs, be tended-by weights, whoſe ſquar 


notes in an octave; for the wires fa tended will 
ſound the reſpective notes. x 


Greater ſeventh =———— #5 — 21013 
E2fjer jeventh — — F — 1947 
. Greater uf en_ — 1 — 1664 
Leſſer fit — — 1534 
F . — — +. 35 
. Fourth — 7 - 06} 
Greater third — #F — 931 
Tone major, or ſecond -=» 5, — 7554 


| Baſe note ann a onto tee 3 60 


| = light 

In the left hand column of this table, the * 
numbers expreſd the times of the ſeveral notes; andſef a 
the numbers*in the rig t hand column, expreſs thethe ; 
weights in ounces, whereby the wires which ſoundWFticle 


the reſpective notes are tended , the ſquare _ 4 
| 5 whic 
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which weights, are to ane another-inverſly as the 
times of the reſpective notes; as for inſtance, the 
weight which tends the ſtring that ſounds the oc- 
tave, is to the weight whereby the ſtring that ſounds 
the baſe note is tended, as 4 to 1, whoſe ſquare 
roots are as 2 to 1, that is, inverſly as the time of 
the octave, to the time of the baſe note ; and fo of 
all the reſt. . 


LECTURE XVII. 


* N 
Or Tut Mor TIN OF SOUND. 


N my laſt lecture, wherein I treated of that mo- Lz er. 
tion of the air, Which is productive of ſounds, I XVIII. 


hewed you, that each particle of air in going for- 
ward and returning back, is twice accelerated, and 
$ often retarded 3 but I did not then enquire into 
the law of that acceleration and retardation. I like- 
viſe told you, that all the pulſes of the air move 
qually ſwift, the demonſtration of which, I pro- 
miſed to give you in this lecture. LEY 

Now, Sir Isa ac NREWTrOx, having in 4 moſt 
elegant manner, in the 47th Propoſition of the Se- 
ond Book of his Principles demonſtrated, that each 
particle of air, during its vibratory motion, is ac- 
telerated and retarded, in the very ſame manner as 
zpendulum 9 in a cycloid; and having like- 
viſe, in the 49th and goth Propgſitions of the ſame 
book, determined the velocity of ſound, I ſhall in 
this lecture lay before you what he has ſaid, in rela- 
lon both to the one and the other, in the cleareſt 
ght that I am able. 


75 N 


As to the firſt, let the line AB denote the length Pl. 8. 
bf a pulſe, or that cs thro” which the motion of Fig · 1. 


the air is propagated, during the time that a par- 
ele performs its vibration, by going forward and 
N returning 


— 


4 x 
— — — 


IDS — —— = —— 
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our MOTION or SOUND, 


Exer. returning back; and let E, F and G, be three par. 
XVIII. ticles, or phy ſical points of A ſituated in the right 
une at gqual diſtances, and at reſt; and let EQ, FR, 


Pl. 8. 
Fig. 2. 
Eig. 1. 


Pl. 8. 
Fig. 1. 


and G, be three equal, but exceedingly ſhort 
ſpaces, thro' which theſe Ek go and return in 
their vibrations; which ſpaces tho! they be here 
taken of ſome length, to avoid confuſion in the 
ſcheme, are in reality ſe exceedingly ſmall, as to 
bear no proportion to AB, the length of a pulſe, 
Let x, y, and 2 denote any intermediate points, 
in which the particles are found during their motion 
forward or backward. Let EF, and FG be ſmall 
phyſical lines, or little portions of air, fituated in 
ſtrait lines between thoſe phyſical points; which 
lines are ſucceſſiyely moved into the places, XY, Je 
and QR. RT. Let the right line PS, be drawn 
equal to EQ, and on that line, as a diameter, let 
the circle Sl Pi be deſcribed ;, and let the circumfe- 
rence.gf. that circle denate the time of the vibration 
of a particle, and the parts of the circumference, 
che proportional. parts of the time; ſo as that after 


any tyng ag EI, or PHSh, if, 17 5 lines as HL 


and hl be drawn from the points H and h perpen- 
dicular to SP, and Ex be taken, equal to PL, or 
Pl, the particle E may be found at x. By this 
means the particle or phyſical point E, in moving 
forward thro*.x to Q and thence back again thro' 
5 to E, will be accelerated and retarded, in the 
ſame manner with a pendulum vibrating in a cy- 
cloid; inaſmuch as in my lecture on the pendulum, 
L ſhewed;you, that the ſpaces deſcribed by ſuch a 
pendulum, and the times of deſcribing thoſe ſ paces, 
are, (as we have now ſyppoſed them to be in the 
cale of the air's motion) as the verſed ſines and 


arches of a circle, whoſe diameter 1$ equal in length 


to the whole cycloĩd. 
Nov, in order to prove that the ſeveral little por- 
tions of air are agitated in the forementioned manner 


bf 


1 oo OO w a 9. 


6 oo * 


Q . = aw r—_— 
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by ſome cauſe or other, be that cauſe what it will; 
and their elaſticity will be found to be ſuch in every 
point of their progreſs and return, as muſt of ne- 
ceſſity produce in them the ſame degrees of accele- 
eration and retardation, that gravity does in a pen- 
dulum vibrating in a, cycloid. : 

In the circumference of the circle, let the equal 


arches HI and IK, or hi and ik, be taken, bear- 

ing the ſame proportion to the whole circumference, Pl. 8. 

that the little right lines EF and FG, do to AB the Fig. 1. 

length of a pulſe z and — the lines IM and pig. 2. 
a 


KN, or im and kn perpendicular to PS, inaſmuch 
s the points or particles E, F and G, e 
in the ſame manner ſucceſſively one after another; 
the motion beginning with E, and each of them 
performs its intire vibration, in going forward and 
returning back, in the ſame time that the motion 
is propagated thro? a ſpace equal to AB, the length 
of a pulſe ; if PH or PHSh denotes the time from 
the beginning of E's motion, PI or PHS}, will 
lenote the time from the beginning of F's motion; 
and in like manner PK, or PHSk, will denote 
the time from the beginning of G's motion! And 
if the points E, F and G be found at x, y and 2; 
the lines Ex, Fy, and Gz, in the firſt figure, will 
be reſpectively equal in the ſecond, to PL, PM, 
and PN, in the progreſs of the points; and in 
their return, equal ro Pl, Pm, Pn, thoſe being the 
verſed fines of the arches which denote the times. 


Whence it follows, that xz, which is equal to the Fig. 1. 


difference between Ex, and the ſum of EG and 
62, is in the . — of the poirfts, equal to 
EG—LN, and to EG+1n in the return; but xz is 
as the expanſion of the little portion of air EG, 
when it is in the place xz; conſequently, that expan- 
lion, is to the mean ordinary expanſion, or that 
expanſion which it has when at reſt before it is put 

into 
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their elaſticity, Which in this cuſe is the true LE Sor. 
WE cauſe, jt us ſuppoſe them to be ſo moved XVIII. 
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' Leer. into its vibratory motion, as EG- LN, to EG, 


or rr Moffo 6+ SOUND. 


XVIII. when that portion of air in going forward is found 


Pl. 8. 
Fig. 2. 


in the place xz; and it is as EG An; or, becauſe 
LN and In are equal, as EG LN, to EG, when 
the portion of air in redrning back, is found in 
the ſame place. Let now TD be drawn from the 
point I, perpendicular to HL, and the naſcent tri. 
angle HID, will be fimilar to the triangle OIM, 
becauſe the angles at D and M are right ones, and 
the angles at I are equa}, as being each of them the 
complement of one and the ſame angle DIO, toa 
right one; conſequently, DI, or its equal LM, is 
to HI, as IM to the radius Ol, equal to OP; and 
double LM equal to LN, is to double HI equal to 


HK, as IM to OP; and by the conſtruction, HK 


15 to EG, as the circumference of the circle, to AB; 


or putting R for the radius of a circle, whoſe cir- 


cumference is equal to AB, as OP to R; whence 


LN IM , , HK OP / 
ha — — 4 — : — b 
HE © op = K. eren 


n theſe equations together, we ſhall have 
IM 3 3 | | 
FE 5 and reſolving this into an analogy, 
we ſhall have LN: EG:: IM: R; and of 
courſe, by ſubſtituting IM and R, in the places 
of LN and EG, the expanſion of the ſmall portion 
cf air EG, or of the phyſical point F, when in the 
place xz-or y, is to its mean ordinary expanſion, 


as R—-IM to R, in its going forward, and as 


Rim, to R, in its returning; and foraſmuch 
as its elaſticity 1s inverſly as its expanſion, Us 
elaſticity when at the point y, is to its ordinary 


elaſticity, as _ 77 to f in its progreſs and in 


its regreſs in the ſame point, as 


I 
to —;3 


I 
R+im R 
and 
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and by the ſame way of arguing, the elaſtick forces LE Cr. 
of the 2 Pane E and G, when in going for: , 


ey are found at x and 2, will be to their or- 


1 I 1 
dinary elaſticity, ® R.-HI. and N KN to R 3 
and by ſubducting the latter of theſe quantities from 
the former, the difference of thoſe forces will be as 

HL—KN | | 3s 
F-EXHLRTENTHLEXEN R. r 
rejecting all the terms of the diviſor except the firſt, 
s being indefinitely ſmall with reſpect to that, as 
„ 1.; or, multiplying both ſides by 
R*, as HL—KN to R; but foraſmuch as R is a 
given quantity, HL—KN is as unity; conſequent- 
ly, the difference of the forces is as HE—KN. But 


from the ſimilarity of triangles, HL — KN is to 


HK, as OM to OT or OP; conſequently, fince 
HK and OP are given, HL—KN is as OM; or, 
becauſe SP and EQ are equal, if EQ be biſſected in 
C as cy. And by the fame way of reaſoning, the 
difference of the elaſtick forces of the ſame points, 
when in their return they are found at x and z, is 
3 the ſame cy; but that difference, or the exceſs 
of the elaſtick force of the point x above the elaſ- 
tick. force of the point 2, is the force by which the 
little line or portion of air xz, which lies between 
thoſe points is accelerated in its progreſs ; and on 
the other hand, the exceſs of the elaſtick force of 
the point 2 above that of the point x, is the force 
by which the ſame little line or portion of air is ac- 
celerated in its return; ſo that the force by which 
that little portion is accelerated, is every where as its 
diſtance from C, the middle point of its vibration; 
conſequently, during its vibratory motion, 1t muſt 
be accelerated and retarded in the ſame manner with 
a pendulum vibrating in a cycloid z inaſmuch as I 
proved in my lecture on the pendulum, _ the 

orce 
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LzcT; force, which agitates the ndulum in the foremen.Wor 
XVIII. tioned manner, is every where as its diſtance from Wort 


— 


Pl. 8. 
Fig. 2. 


lum performs an intire vibration by going forward 


the middle or loweſt point of the vibration. And 
what has been thus proved of the little portion EG, 
is in Ie manner demonſtrable of every other little tiff 
portion of air, through which the motion is pro- 


FRET... T4 a fg? ds i $148 ae ot why | | " 
Is to the velocity of found, or what amounts to"! 
the ſame thing, of the pulſes of the air, if a pendulum Ire 
be made equal in length to the height of an homo- 
geneal atmoſphere, whoſe weight is equal to that 
of bült atmofphere, and its denſity the ſame with 
that of the air at the ſurface of the earth; which er 
height is, as I ſhewed you in a former lecture, equi 
to 29725 feet, and which I ſhall now denote by 
the fetter H; in the ſame time that ſuch a pendy- 


and returning back, a pulſe of the air will more 
throꝰ a ſpace equal to the circumfebence of a circle 
deſcribed with the radius H. For if the little por. 
tion of air EG, vibrating thro' a ſmall ſpace as 
PS, be acted upon at P and 8, the extremities of 
the pa thro* which it vibrates by an elaſtick force 
equal to its gravity, it will perform its vibrations in 
the ſame time that it would in a cycl6id whoſelength 
is equal to PS; becauſe equal forces mult of neceſſity 
move equal bodies thro? equal ſpaces in equal times: 
Since then, the times of vibrations are in the ſub · Nate 
duplicate ratio of the lengths of the pendulums, 
and the length of any pendulum is-equal to half of 
the cycloid, wherein it vibrates ; the time in which 
the ſmall portion of air would vibrate by the force 
of its gravity in a cycloid equal in length to PS, Warr 
muſt be to the time of the vibration of a pendulum Mie 
whoſe length is H, in the ſubduplicate ratio of PO her 
to H. But the elaſtick force which acts upon the 
little portion of air in the extream points P and S, I pe 
was proved to be to its whole or ordinary —_— ratic 

; N orce 


N- 


force, as HI. RN te R; that is, in the caſe be- EE cr. 
HK to R; for upon the coincidence of K and 

KN vaniſhes, and HL, which in this cafe Is their 
ifference, becomes the ſine of HK, and equal to 


zhole elaſtick force of that little portion of air, or 


or T=z MO S ο 2461 


ore us where the point K coincides with P, 5 XVIII. 


, inaſmuch as HK is a naſcent arch. And the 


zich is the ſame thing, the weight which com- 
reſſes it, is to its own weight, as the height of the 
omogeneal atmoſphere or H, to the ſmall line 
6; whence putting e to denote the elaſtick force, 
rhich agitates the ſmall portion of air in the extream 
joints of its vibration P and 8, and W for its 
eight, W for the whole elaſtick force, or the weight 
the compreſſing atmoſphere, and reducing the 
o laſt _ into equations, we ſhall N 
C 


o middle terms together, and likewiſe the ex- 
rams, we ſhall bave = Hat 3 and by ſub- 


— 
17 


ituting PO and R for HK and EG, to which | 
 POxXH | 


ley are proportional, is equal to _— that 


by reſolving this equation into an analogy, the 
altick force which agitates the little portion of air 
the extream points of the ſpace thro? which it vi-: 
ates, is to its weight, as PO x H to R*; ce 
hen, from the nature of motion, the times Where- Nl; 
equal bodies are moved throꝰ equal ſpac =_ - Mi 
precally in the ſubduplicate ratio of the Ning A 
orces, it follows, that the time wherein the little 1 
ortion of air ' performs its vibration by vertue of 
e elaſtick force denoted by e, is to the time 
derein it can vibrate thro? an equal ſpace by the 
orce of its gravity, in the ſubduplicate ratio of R* 
PO, and of courſe; to the time of the vi- 
ation of a pendulum whoſe length is H, in a ratio 
„ . T 3 ; com- 
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LECT: cor aded of the laſt mentioned ratio, and of th 
XVII. {bduplicate ratio of PO to H; that is, as R*XP( 
5 "to'H XO; thatis, by dividingby PO, and extract 9 
ing the Iquare roots in the ſimple ratio of R to H. 
Porn. the time that the little portion of air perf; 
forms one vibration by going forward and returning... 
back, the pulſe is carried thro? a ſpace equal to 
conſequently, the time in which a pulfe moves fro 
A to B, is to the time in which a pendulum who 
length is H, ſwings forward and backward, 28 
10 H, or as BC, the circumference of a circle wh 

radius is R; to the circumference of a circle who 7 

radius is ; but the time of the pulſc's motion fra 

A to B, is to the time in which it moves throꝰ a ſpa 

equal to the circumference of a circle whoſe rad 

is HI, in the ſame proportion; wherefore, in t 

fame time that a pendulum whoſe length is 

(wings forward and backward, a pulſe will mo; ;, 

throꝰ a ſpace equal to the circumference of a c 

whoſe; radius is H, which was the thing to 

n 

As a Corollary it follows, that the pulſes me 

with ſuch a velocity as a heavy body acquires 
falling down half the height denoted by H; for 
the ſame time with the fall, they will with avelog 
ty equal to that acquired by the fall, deſcribe 
ſpace double that of the fall, that is, a ſpace equi 
to H; and of conſequence, in the time that th 
' pendulum vibrates forward and backward, tut h 
will run thro? a ſpace equal to the circumference 
| a circle whoſe radius is H. For, in my lecture q 
| the pendulum, I ſhewed you, that the time oft 
fall thro? half the length of the pendulum, is toi ..,; 
time of one vibration, as the diameter of a circe tim. 
to its circumference; and of courſe, to the time 
a double vibration, as the radius to the circum 
rence, Since then it has been proved, that n 
pulſes move with ſuch a velocity as carries tht 
thro? a ſpace equal to the circuniference of a * 1 

ö . 
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m whoſe length is H, performs a double ſwing; 
nd fince it appears that the velocity neg 'by a 
wy body in falling down half the height H, 
ill carry the pulſes thro? the ſame ſpace in the ſatie 
me, it is manifeſt, that they move withthar velo- 


dS — 


ö 
& 


As a ſecond Corollary it follows, that the velocity 
de pulſes is in a ratio compounded of the ſubdu- 

licate ratio of the air's elaſticity directly, and of 
e ſubduplicate ratio of its denfity 1nverſly ; 
Ir ſince the velocity wherewith they move, is ſuch 
a body acquires in falling down half the height 
and ſince the velocities acquired by falling be. 
es, are in the ſubduplicate ratiss of the heights 
om which they fall, it is manifeſt, that thevyelo- 

of the pulſes is as the ſquare root of H, but 
e height H, is directly as as theair's elaſticity, arid 
verſly as its denſity ; conſequently, the velocity 
the pulſes is in the ſubduplicate atio of the ait's 
city directly, and the ſubduplicate rat is of its 
ity inverſly. Whence it appears, that the velo- 
of the pulſes is given, foraſmuch as, ceteris pa- 
, the elaſticity is as the denſity. In the winter 
e indeed, the motion of the pulſes is ſomewhat 
mer than in ſummer, becauſe the coldneſs of that 
don does in ſome meaſure weaken the elaſticity, 
d at the ſame time increaſe the denfity. From 
What has been ſaid, the ſpace thro* which ſound 


for ſince it is known by experience, that a pen- 
lum 397 inches long, performs a double vibration 
going forward and returning back in two ſeconds 
time, a pendulum whoſe length is H, that 18 
725 feet long, will perform a like double vibra- 
n in 190ĩ ſeconds; conſequently, in that time 
Ind will move thro? a ſpace equal to the cireum- 
ence of a circle whoſe radius is 2972 5 feet; that 
it will move thro? 186768 feet, which _ 
SM i 


byes in any given time, may readily be determin- 
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h ofe radius is H, in the fame time that a pendu- Lec; 
Reine XVIII. 
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Lecr. divided by 190}, gives a quotient of 979 feet, f. 
VIII. the ſpace thro* which ſound moves in one ſecond 
time. But it muſt be obſerved, that in this co 
putatlon no regard has been had to the thickneſs 
the ſolid particles of air, thro* which ſound is pri 
pagated in an inſtant; if that therefore be allow, 

for, the velocity of ſound will come out greater 
the proportion of about ten to nine; for ſince t 
ſpecifick gravity of air is to that of water, as 1 
870, if we ſuppoſe the particles of air to be equi De 

denſe with thoſe of water, and that the greater 
. rarity of air is owing to the greater interval betwe 
its particles, it follows, that that interval is abe 
nine times as great as the diameter of a partic 
conſequently, a tenth part of the ſpace thro? whi 

found is propagated is poſſeſſed by the particles 
air ; if therefore to 979 feet, which is the ſpa 
thro' which found would move in a ſecond, in c 
the particles of air had no magnitude, we add 
ninth part, or 109 feet more on account of t 
khickneſs of the particles, we ſhall have 1088 i 
for the ſpace thro* which found is carried in a ſeco 
of time. Beſides, as there are vapours diſperi in 
thro' the air, which being of a different tone th 
elaſticity, do not partake of that mot ion of Me co 
| true air by vertue «whereof ſound is propagatgr w 
| the moving cauſe having on that account fewer p 
ticles of matter to agitate, muſt of neceſſity g 
them a greater velocity; and from the nature 
motion it is evident, that the velocity will be gt 
ter in the inverſe ſubduplicate ratio of the quant 
of matter to be moved; that is to ſay, if we lu 
poſe the atmoſphere to conſiſt of ten parts of t erab 
air, and one part of vapours, the motion of ſouade c 


ly 
ce: 
th 


va 
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about 21 to 20. If therefore the velocity laſt fouls thy 


be avgmented in that proportion, we ſhall f 
11 


| will be quicker in ſuch an atmoſphere, than in thei 
| atmoſphere conſiſting intirely of true air, in the i erva 
=: duplicate ratio of 11 to 10, or in the ſimple ra!!4Fealur 
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wering the velocity of ſound. "5 HER 
The ſpace thro* which found moves in a ſecond 


uſes excited by the vibrations of a ſounding body 
wy likewiſe be found, provided the number. of 
jbrations performed by the ſounding body in a 
ren time, can by any method be determined; for 


quſite to be done, is to divide 1142 by the num- 
xr of vibrations which the ſounding body performs 
1a ſecond, and the quotient will expreſs the length 
fa pulſe in feet. Now, the number of vibrations 
ich a ſounding body performs in a given time, 
us been determined by Mr. Sauvevu, in the fol- 
wing manner; Muſicians having frequently 
obſerved, that if two organ pipes which are near- 
ly. uniſons, be made to ſound together, there are 
certain inſtants of time, and thoſe, as well as 
they can he judged of by the ear, at equal inter- 
vals, wherein their joint ſound is ſtronger, than 
in the intermediate times.“ This Mr. Sa uvEUR 


e coincidence of their vibrations at thoſe inſtants; 


ator when by the coincidence of their vibrations, 
p ſtrike the ear at one and the ſame inſtant, 
oy muſt needs make a ſtronger impreſſion upon 


than when they ſtrike it ſeparately one after an- 
ber. Taking this for granted, he by the help of 
pendulum, took the time between two ſucceſſive 
incidences in the vibrations of two pipes of con- 
lerable lengths, and nearly of the ſame tone; he 
ade choice of long pipes, becauſe the coincidences 
their vibrations are rarer, and conſequently, the 
tervals between the coincidences are more eaſily 
lured, in long pipes than in ſhort ones. Hav- 


8 thus found the time which paſſed between two 
T 3 ſuc- 


1142 feet for the ſpace thro! which ſound moves in Lz c T. 
ne ſecond of time; and this agrees with the moſt XVII. 
Wccurate experiments that have been made, for diſ- 


time being thus diſcovered, the length of the 


ice each vibration excites a new pulſe, all that is 


th great appearance of reaſon, thinks is owing to 
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LE c T. ſucceſſive coincidences, be readily found the nu 
XVII, per of vibrations performed by each pipe in th. 
ame time, they being inverſly as the numbers et 

preſſing the proportion of the tones of the pipes; Ae: 
tor inſtance, if the time between two ſucceſſive chf 
incidences was found to be the ſixth part of a {Myc 
cond, and the numbers which expreſſed the propor 
tion of the tones of the pipes were 45 and 46, th 
longer pipe performed 45 vibrations, and the ſho 
ter 46, in the ſixth part of a ſecond. From thei 
experiments he found, that a pipe, whoſe lengt 
was about five Pariſian feet, had the ſame to 
with a ſtring that vibrates an hundred times in a: 
cond ; conſequently, of the pulſes excited by t 
ſounding of ſuch a pipe, there are about one hu 
cred in the ſpace of 1142 Engliſb, or 1070 Parij: 
feet; and of courſe, the length of one pulſe is abo 
10 Pariſian feet and ths, that is about twice t 
length of the pipe; whence it is probable, that ti 
lengths of the pulſes excited by the ſoundings 
open pipes, are in all caſes qual to twice the leng tic 
ol the pipes. 2 i ory 1 
Ina former lecture, ſpeaking of the incre: 
which, motion received by being communicate 
ſtom a ſmaller elaſtick body to a larger, I took o 
caſion to give a reaſon for the augmentation ( 
ſound in ſpeaking trumpets ; I ſhall cloſe this | 
ture, by accounting for it from the nature of Me... 
ulſes of the air. From what has been ſaid in 
ationto the properties of thoſe pulſes, it is manite 


. that the greater their condenſation is, the ſtrong i betu 
. is the ſound which they excite; now, when Uſe. 
3 voice acts upon a portion of air confined within ey 
15 trumpet, it muſt neceſſarily make a ſtronger ſſh the 
preſſion upon it, and of courſe condenſe it moi re 


than when it acts upon it in an unconfined ſtate 10: 
much as in the former caſe, the force of the voice, 
wholly imployed in giving motion to that ſmall pot 
tion of air which lies within the trumpet, where 
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the latter cafe, not only that portion of air is 

motion by the force of the voice, but likewiſe all 
Wat body of air which immediately ſurrounds it; 
he air then in the trumpet being by reaſon of its 
pnfinement, more ſtrongly agitated and more 
Woſcly condenſed, than it would otherwiſe be, 
wſt at the exit of the trumpet, communicate to 
eair without greater degrees of condenſation; and 
f conſequence, produce a louder ſound, than could 
Welibly be excited by the ſame force of the voice, 
it immediately impreſſed on the unconfined 
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les, as ſhall be ſhewn hereafter, which are thrown 
ffrom luminous bodies by the vibrating motions 
their parts, with a velocity ſurprizingly great; 
W' they do not ſpend above ſeven or eight minutes 
an hour in paſſing from the ſun to the earth, as 


tronomy to the late King of France; and after 
Im by others, by means of the ec/ip/es of the ſatel- 
Woof Ju iT ER; for theſe eclipſes when the earth 
between the ſun and JuP1TER, are obſerved to 
ppen about ſeven or eight minutes ſooner than 
ey ought to do by the aſtronomical tables; and 
the contrary, when the earth is beyond the ſun 
aq reſpect to Jup ir ER, they happen about ſeven 
eight minutes later than they ought to do; ſo 
at in the latter ſituation of the earth, they are ob- 

d to happen fourteen or ſixteen minutes later 
In in the former; forafmuch therefore as the ſatel- 
14 5 lites 


16 HT, whereof J intend to treat in this LEcrT. 
lecture, is a moſt ſubtile fluid, conſiſting of XIX. 
ticles exceedingly ſmall, but of different maghnj- ]. 


u obſerved firſt by Mr. RouE R, Profeſſor of 


8 ob ETOHT 


„, ETSY BE.) LT gras 
L 2 CT. lites cannot diſappear, but muſt continue viſible to 
che eye of an obſeryer, till all that light which they 
reflect before their immerſions has paſſed by the 
PRE obſervation, it follows, that the reflected 
light of the ſatellites ſpends fourteen or ſixteen mi. 
nutes in paſſing from one end of the diameter of 
the earth's orbit to the other; and conſequently, 
half that time in moving from the ſun to the earth, 
Hence; if the diſtance of the ſun from the earth be 
70 millions of miles, as it muſt be on ſuppoſition 
that its horizontal. parallax is twelve ſeconds of 1 
degree, and ſuch the moſt accurate obſervations o 
the lateſt aſtronomers make it; then light moves 
at the rate of about 1 0 thouſand miles in a ſecond 
of time, and its velocity exceeds the velocity of 
ſound, in the proportion of above ſeven hundret 
thouſand to one. 
The motion of light is in its own nature rectil 
- neal, as is evident from the ſhadows which all opaqu 
Vo dies caſt when placed in the light of the ſun, ord 
any other luminous body; and yet the beams 0 
rays of light in paſſing out of one tranſparent bod 
medium into another of a different denſity, are 
bent and turned out of their way; or to ſpe: 
more properly, they are made to change the direc 
tion of their motion: and this bending or change 
of direction is commonly called refraction; and it 
has been found by experience, that the rays in pal 
ſing out of a rarer medium into a denſer, are bent 
in ſuch a manner as to be brought nearer to a line 
drawn perpendicular to the refracting ſurface at the 
point of incidence; and on the contrary, in the! 
paſſage out of a denſer medium into a rarer, the 
decline from the perpendicular. 
Pl. 8. , For the illuſtration of which, let AB repreſent 
Fig. 3. à ray f light moving in air from A to B, and pal 
ſing into, water at B, and let HK be perpendicula 
to thy: ſurface of the water at the point B; whe! 
the ray goes into the water, it does not continue its 


motion 
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- tp notion ſtrait forward in the line BC, but in ſo 
hey ſober line as BD, which is more inclined to the per 
the Mpendicular BK. And on the other hand, if the 
ine DB be ſuppoſed to be a ray of light moving in 
„rater from D to B, and there g into air, in- 
ſtead of continuing its motion in the direction BE, 
t goes on in ſome other direction as BA, which 


me 


perpendicular BH; as will appear from the follow. 
ng experiment. Let an empty veſſel as BCDE, 


ect may be intercepted by the fide of the veſſel 
from an eye placed at Q; let then the veſſel be 


the pouring in of the water, moved in a right 


bent downward, ſo as to ſtrike upon the eye, and 
thereby render the object viſible. 2k. 

This bending of the rays in their paſſage out of 
one medium into another, ſeems to be owing to the 
attractive force of the denſer medium acting upon 
the rays at right angles to the ſurface, as may ap- 


attraction. 


ol furface which ſeparates the two mediums being de- 
noted by the line HK, The motion of the ray in 
the direction AC, being reſolved according to the 
known method into two, one in the direction AD, 
and the other in the direction AB or DC, whereof 
the former is parallel, and the latter perpendicular 
HR; it is manifeſt, that as the ray enters into 
te denſer medium at C, its perpendicular motion 
muſt be accelerated by the attraction, whilſt its pa- 

rallel motion continues the ſame ; let then the line 


the 


being leſs inclined to, is more diſtant from, the 


have a ſmall obje& as A, placed at its bottom i fl. 8. 
nd let it be ſo ſituated as that the ſight of the ob- Fig 4 
filled with water, and the ray AB, which before 


ine from A to K, and by ſo doing paſſed above 
the eye, will upon its emerſion out bf the water be 


pear by conſidering the conſequences of fuch an 


Let then AC be a ray of light moving from A pl. g. 
toC, and there entering into a denſer medium, the Fig. 5. 


de taken in the ſame proportion to CD, that 


fraction; and foraſmuch as the paralle] motion is 


S7 LIGHT. 
. the velocity of the perpendicular motion after re-. IN Þ 
XX. fraction has to the velocity thereof before the re- a 
fa 
ar 
at 


the fame before and after refraction, let CE be ta: 
ken equal to AD or BC, and letting fall EF equal 
and parallel to CG, and drawing the diagonal CF, 


the ray after refraction will deſcribe the line CF in i 
the fame time that it moyed from A to C before 15 
the refraction; and foraſmuch as GF is equal to J 
Ad, LM, that is, the fine of the angle MCL, 
muſt be lefs than AD, the fine of ACD; conſe. 52 
ently, by the attraction of the denſer medium, in 

the ray in paſſing into that medium is brought Q 
nearer to the perpendicular. 18 
Again, let FC denote the motion of a ray in the ry 
denſer medium from F to C, and let this motion n 


be refolyed into two others, one in the direction 1 
FG or EC, and the other in the direction FE t 


GC, the former being parallel, and the latter per- * 
pendicular to HK; when the ray paſſes into the I f. 


rarer medium at C, the parallel motion does not 
ſuffer any change from the attraction; but the per- 5 

ndicular motion is retarded by the attractive 
foe. which in this caſe acts in direct oppoſition MW. 
to it; let then CD be to GC, as the perpendicular 


velocity of the ray in the rarer medium, to the ver- wh 
pendicular. velocity thereof in the denſer ; and let b i 
DA be drawn equal and parallel to FG, in order to WF... 
denote the parallel motion of the ray after refrac- W nu. 
tion; and the diagonal CA will be the line de. I 
ſcribed by the ray after refraction, in a ſpace of * 


time equal to that wherein it deſcribed the line FC 
before refraction; and foraſmuch as AD is equal the 
to GF, it muſt be greater than LM ; conſequently, ther 
the angle ACD is greater than FCG ; and there- | *? 
fore, the ray in paſſing out of a denſer mediun 

into a rarer, 1s by the attraction of the denſer me- 

dium, bent from the perpendicular; ſo * 


both caſes, the retraction ſeems to be qwing to the Ls c T» 


attractive force of the denſer medium, Ac 


XXIX. 


the rays at right angles to its ſurface; auc Wa — 


farther confirms this opinion is, that the. danſer 


any medium is, and conſequently, the ſtronger its 
attraction, the greater, ceteris paribus, is its re- 
ſtactive power; thus oil of vitriol, whoſe denſity 


exceeds the denſity of water in the proportion near- 
ly of three to two, acts more forcibly. than water 
on the rays of light, in bending and turning them 
out of their way; as will appear from the follow 
ing experiment; let the Fah figure tepreſent a 


the horizontal radius; this being viewed thro” an 
empty glaſs veſſel as C, of a priſmatick form, 
placed at the center of the quadrant, with its re- 
ſtacting angle downwards, will appear in its real 
place at A. Let then the veſſel be filled with wa- 
ter, and let the object be raiſed on the limb of the 
quadrant as high as D, that is to ſay, to the height 
of fifteen degrees and twenty minutes, and the ray 

3 DB, which go from it towards the priſm, l 
be ſo bent in paſſing thro? the water as to enter the 
eye in a direction parallel to the horizon, and re- 
preſent the object as if placed at A. And the 
lame thing will happen when the veſſel is filled 
with oil of vitriol, excepting only, that the object 
muſt be raiſed to a greater height ſuppoſe to E, 
lo as to have an elevation of 20 degrees and eight 
minutes; which plainly ſhews, that the rays are 
more bent, and ſuffer a greater refraction under 
the ſame circumſtances from oil of vitriol, than 
they do from water. FP 


Refractions 


- 
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Quadrant, whoſe radius AB is parallel to the ho- Pl. 8. 
mon; and let A be a ſmall coloured object, placed Fig. 6. 
on the limb of the quadrant at the extremity, of 


— 
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Pl. 8. 
Fig. 7. 
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| Keftactions taken by the © Quadrane and Nimes | 
SOT YETI |} 35 veſſel. 
— — — —ͤ — — 
rr bea Deg. K Sines, 
rs, ay eres 54" minutes 
CO OGG [iT 15.20 2644342 
_— — — K Pi: E — © us 
Oil of 1 vitriol | 1.497 | 20.8 | 3442060 
Salt water J 11.2 17.52 3068029 


Spirit of hartſhorn 1.011 | 16, 2750374 


r 


Spirtt of v wine 0.83517. 2923717 


| Oil of curpentine 0.869 22.34 3837582 


| Oil of linſeed __ | 0.939 | 22:57 3889277 
iin . nr 411 | 
Thie denſer medium begins to attract the rays at 


ſome diſtance from its ſurface, and it acts upon 
them more and more forcibly in proportion as theit 


diſtance from its ſurface leſſens; but however, in 
what follows T ſhall ſuppoſe the attractive force to 
act with the ſame vigour in all parts of the ſpace 
thro” which it extends it ſelf ; becauſe, as that ſpace 
is indefinitely ſmall, no ſenſible error will ariſe from 
ſuch a ſuppoſition. If then CD be the ſurface of 
the denſer medium, and AB the ſpace thro? which 
the attractive force extends it ſelf from A to B; a 
ray of light in paſſing from B to A will be accele- 
rated in ſuch a manner as that the perpendicular ve- 

locity thereof at the point A will be equal to the 
ſquare root of the ſum of the ſquare of he perpen- 

dicular velocity of the ray at its incidence on the 


point B, * or the ſquare of the perpendicular ve- 
| locity 
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locity which it. would have at A, ſuppoſing it be- Lx c T. 
2 motion at B, fr om a ſtate of T k. For fince XIX. 
the attractive force is ſuppoſed to act uniformly thro! . 
the ſpace BA, the motion which it generates will 

as to its properties correſpond with the motion ari- 

ſing from gravity; if therefore the triangle EGH pf. g. 
be taken to denote the ſpace BA, GH will expreſs Fig. 8. 


the velocity of a ray at A, on ſuppoſition that from 


parated by the common ſurface EF, on which, let a Fig. 9. 
ray of light as AC, fall obliquely, . and let AC 
meaſure the velocity of the ray in the rarer medium; 
which velocity is the ſame, whatever be the incli- 
nation of the ray. From the center C with the 
radius CA, let a circle be deſcribed, in which let 
NM be drawn thro? the center perpendicular to 
EF, and from A let fall AQ perpendicular to EF, 
as alſo AO perpendicular to NC. The motion of 
the ray in the direction AC being reſolved into two 
others, one in the direction AO or QC, and the 
other in the direction AQ or OC; tne line = 
N 
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Lx r. will mraſure the g of the perpendicular mo. A. 
XIX. tion; and therefore, if CP be taken to denote it fol 
ce perpendicular velocity generated by the at. 
traction of the denſer medium, the line PO will 
meaſüre the perpendicular velocity of the ray in the 
denſer medium; and foraſmuch as the velocity of 
the parallel motion is no way altered by the attrac. 
Ae CV be taken equal to QC, and VB be 
drawn parallel to- CM, and equal to PO, it is evi- 
dent, that the ray after refraction, will deſcribe the 
line CB, and that the velocity of its motion will be 

meaſured by that line. 
As a Corollary, from what has been proved it rel 
follows, that the velocity of the refracted ray in the 
denſer medium 1s no way varied by varying the in- 
clination of the incident ray; for the ſquare of Bop 
being equal to the ſum of the ſquares of BV and bent 
CV, or of PO and AO, and the ſquare of PO be- 
ing equal to the ſum of the ſquares of CO and PC, E 
the ſquare of CB̃ is equal to the ſum of the ſquares ¶Nence 
of A0, CO, and PC; but the ſquares of AO andi 
CO are equal to the ſquare of CA or CN; conſe-{Wrabl 
quently, the ſquare of CB is equal to the ſum offifnle 
the ſquares of PC and CN, which quantities con-Wh th. 
tinue un varied, whatever be the inclination of the dene 
incident ray; and therefore PN or CB is a given 
quantity z that is, the meaſure of the velocity, andi 
of conſequence, the velocity wherewith the ray 0 
move after refraction in the denſer medium, is al- Nm 
ways the ſame, however differently inclined them 
rays may be to the ſurface of the denſer medium at ret 
their incidence thereon. FEAR 
The angle ACN, which the line deſcribed by the heir 
incident ray, contains with the perpendicular to the Perpei 
refracting ſurface at the point of iifeldence, is called F ſmuc 
the angle of incidence; and the angle BCM, which 
the line deſcribed by the refracted, contains with theme 
perpendicular to the refracting ſarſace at the poin 
of incidence, is called the angle of refraction. 4 
ws 


Or LIGHT. 295 


As a ſecond Coro{/ary, from what has been proved Lzc T. 
it follows, that the {ines of theſe angles are to one | Bop 
"Mnother in a given ratio; or in other words, that 
\{vhatever proportion the ſine of any one angle, of 
incidence bears to the fine of the correſponding 
angle of refraction, the ſame does the ſine of any 
other angle of incidence bear to the ſine of the re- 
ſpective angle of refraction. For ſince CB is cut Pl. 8. 
by the circle in the point T, if from B and T, BS Fig. 9- 
and TR be drawn perpendicular to the radius, BS 
vill be equal to AO, which is the ſine of the angle 
ff incidence, and TR will be the fine of the angle 
ff refraction z and from the nature of ſimilar tri- 
angles BS is to TR as CB to CT; that is, the ſine 
of incidence is to the fine of refraction in the ſame 
proportion with two ſtanding quantities; conſe- 
quently, that proportion is given, whatever be the 
nclination of the incident ray. And what has been 
thus proved, with reſpect to the fines of inci- 
lence and refraction, when rays paſs out of a rarer 
medium into a denſer, is in like manner demon- 
rable of thoſe lines, when the rays move out of a 
lenſer medium into a rarer, with this difference on- 
V that whereas in che former cafe the angle of in- 
dence exceeds the angle of refraction, in the latter 
tis exceeded by it; for as the attraction of the den- 
kr medium by accelerating the perpendicular velg- 
ty of the rays in their paſſage from a rarer me- 
lm turns them out of their way, fo as to bring 
hem nearer the perpendicular, ſo on the other hand, 
dy retarding their perpendicular velocity in their 
aſſage into the rarer medium, it turns them out of 
heir way ſo as to remove them farther from the 
erpendicular, as has been already ſhewn; and for- 
much as the rays are turned out of their way in 
oth caſes by one and the ſame cauſe acting in the 
ame uniform manner, it is manifeſt, that in both 
es, they mult be equally bent; conſequently, = 
? much 
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much 8 the angle of incidence exceeds the angle offlug 


Pl. 8 


Fig. 10. manner repreſented, have two indices as A and 


tinuation, be made to point to the 15th degree 


it will by reafon of the refraction, ſeem to have 
changed its ſituation, and appear to lie in the ſame 
degree, and B at the goth minute of the 42d de- 
dence is equal to the angle contained between FC, 


the perpendicular edge of the quadrant, and then c: 


and the index B; ſo that one of the angles of in- 
cidence is 15 degrees, and the other go, and the cer 


refraction when a ray paſſes out of the rarer me- ufer 


dium into the denſer, ſo much muſt it be exceed. Nollo 
ed by it, when the paſſage of the ray is made the 
contrary way. 

' Now that the ſine of the angle of incidence is to 
the ſine of the angle of refraction in a given ratio, 
whatever be the inclination of the incident ray, may 
be proved experimentally in the following manner, 
Let a braſs quadrant graduated on both ſides, anc 
fixed at its center to a perpendicular pillar in the 


B, one on each ſide, moveable on the center C 7 
and let the index A, whereof the ſtem D is a con 


and the index B to the 15th minute of the 20th 
degree; let then the pillar be immerſed in water, 
ſo far as that CE the horizontal edge of the qu- 
drant may touch the ſurface of the water, and up- 
on viewing the ſtem D which lies within the water, 


ane with the index B. And the ſame thing vi 
ikewiſe obtain, if the index A be ſet at the got 
gree. Now in both theſe caſes, the angle of inc 


index A; and the angle of refraction is the angle! re 
made by the perpendicular edge of thg quadrant, Ac 


correſponding angles of refraction are nineteen de. 


grees, fifteen minutes, and 41 degrees, 30 minutes; N 0 


and 25,,which is the ſine of the leſſer angle of in- 
cidence, is to 33, the fine of the correſponding tic! 
angle of refraction, as go, the fine of the greate! mange 

e rr gt n Ra angle bewil 
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mole of incidence, to 66, the ſine of the angle 
| fl — which correſponds thereto, ; a inthe 
plowing TABLE: / 117 1 As oaratiuld 


uch 30/1240] 10 err 
le. er Angles o ; 
piscine refrattion.” * 


1 „ ed chen Ad. e 
Out of water into[ 18. 2588 4 18. 


Out of oil of tur- 
pentine into air.. 
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LECTURE . 
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a 


_— * 


ety in its parts. And that Cor ou xs, which are 
obe the ſubject of this lecture, were nothing elſe 
an certain changes or modiſications of light cauſed 


2 
kv) refr aions, reflefions, and ſhadows. But Sir 
., Ae NEwrToON, to whom we are indebted -:for: 


oft every thing that we, know with certainty. 
mncerning the nature of light, has ſhewn — 
ments, that notwithſtanding the uniform ap 

ce of light, the particles whereof it is compaſed; 
e of different colours; and that the colour of each 


H- 

grticle is laſting and permanent, ſo as not to be 
er Ege either by refraction or reflexion. He has 
;k kewiſe ſhewn, that thoſe particles which differ as 


U to 
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nion, that LIOG HT was in its oun nature XX. 
ple and uniform, without any difference or va 
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LSS r. to colour, differ alſo in degrees of refrangibiſity; I . 
XX. by means whereof, the rays of different colours may e 
oe ſeparated from each other, and exhibited apan. I bil 
Exp. 1. Let a beam of the ſun's light paſs into a Ciba 
Pl. 8. chamber thro' a round hole as H, about the ſi 
Fig . teenth or r wentieth part of an inch wide, ſo as tc 
fall directly on the middle of a double convex 
as L, d to a radius of five or fix feet, and 
at 'the diſtance of ten or twelve feet fre 
le * by which means the image of the hol 
vrill be projected to I, on the other fide of the len 
at the'diftance of ten or twelve feet more, and then 
appear white and round. Let then a priſm of ſoli 
greehiſh glaſs as P, be placed cloſe behind the Jen 
and in ſuch a poſture as that the beam of light ma 
fall upon it perpendicular to its axis, which is a 
imaginary ſtrait line, running thro? the middle fro 
one end to the other parallel to its edges; this be 
ing done, the i 3 of the hole, inſtead of being 
round and white, and projected to I, will be long 
and coloured, and fidewiſe from I ; and the 
colours of the i image taken in their order from that 
which lies neareſt to I, will be red, orange, yell quen 
green, blue, purple, and violet; as in the imag 
MN;:where the ſeveral colours are denoted by then 
initial letters. 
From the lengrhening of the round image b 
: the refraction of the priſm, it is evident, that ofrroac 
the particles of light which form the image, ſon 
are more refrangible than others; for were they at a 
alike refrangible, the diſtances to which they a 
thrown ſidewife from their firſt ſituation at I, would 
be all equal, and of conſequence, the fecond imag! 
would be round as the firſt. 
As in the coloured ſpeBrum the red lies neareſt tc 
and the violet fartheſt from J, it is manifeſt, thi 
the red particles in their paſſage thro? the pin 


are 1 out of their way leſs, and the vio 
more 
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more, than any other; and conſequently, that the Lr ag 


vl red particles have the ſmalleſt degree of :refrangi- 
[I bility,” and the violet che greateſt; and. that! the 
ol particles of intermediate colours have::.interawdi- 
te degrees of refrangibility, greater or:lcfwinrpro» 
portion as they lie nearer to the one or — 
of the two extreams,” 1G you! 
This difference of mien in the —— 
of light, argues a difference likewiſe in their mags 
pitudes; for ſince one and the ſame cauſe, to wo 
the attract ion of the glaſs, acting upon them all 
with equal force, and under like circumſtances; 
produces unequal changes in the directions of their 
notions, it muſt needs be that they move with un- 
qual forces, and conſequently, that their quantities 
of motion are unequal, which inequality of motion 
an ariſe from nothing elſe but the different ſiae 
of the particles, in caſe they all move equally ſwift, 
they are generally ſuppoſed to do; and that they 
xe all perfectly ſolid, as their power of penetrating 
and diſſolving the denſeſt bodies, without ſufi-riem 
any change themſelves, ſeems; to require; -confe- 
quently, the particles of light which differ as co co- 
our, differ alſo in magnitude; thoſe of violet be- 
ng ſmalleſt, and the particles of other colours in- 
creaſing continually one above another, as they are 
more and more removed from the violet, and ap- 
proach nearer to the red, whole particles are largeſt 
If all ; and here it will not be improper to obſerve, 
that as the red particles are of all others the largeit, 
ey muſt on that account act with the greateſt 
lorce, and excite the ſtrongeſt vibrations in the ner- 
dus coat of the eye; which may be one reaſon 
Why reds are found to be more offenſive to the 
yes, than any other colour whatever. 

The ſeven colours whereof the long image:1s 
ompoled are permanent and Jaiting,. and cannot 
poſſibly be changed, either by refraction or reflexi- 
oa, as will appear from the following experiments. 

3 Let 
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Lecr. Let a ſmall hole be made in the paper whereon the nat 
XX. coloured image is formed, thro' which, let each of fe 


Conn mmm 


Exp. 2. 


other fix colours, when refracted ſingly and apart 


Exp. 3. 


Exp. 4: 


light, they will both appear red; but the carmine 


ther in the blue light, they will both appear blue; 


the ſeven colours paſs ſucceſſively, and falling upon 
a priſm, be again refracted, and they will be found 
to continute the ſame, without the leaſt change or Myth 
alteration z. thus, the red when refracted, will con, 
tinue totally of the ſame red colour as before; nei-· Nur t. 
ther range, yellow, green, blue, nor any other ney 
colour, will ariſe from the refraction; and the like 
conſtancy and immutability will be found in the 


from the reſt. And as theſe colours are not change. 
able by refraction, ſo neither are they by reflexion; 
for if bodies of different colours be placed in the red 
light, they will all appear red, and in the blue light, 
they will appear blue, in the green light, green, and 
ſo of the other colours; in the light of any one 
colour, they will all appear totally of that fame co- 
lour, with this difference only, that in ſome the 
colour will be more ſtrong and full, in others more 
faint and dilute, every body appearing moſt ſplen- 
did and luminous in the light of its own colour, 
Thus for inſtance, if a deep red as carmine, and: 
full blue as «//ramarine, he held together in the rec 


will appear of a ſtrongly luminous and reſplendent 
red, and the ultramarine of a faint obſcure and dat p 
red; and on the other hand, if they be held toge-Mortic 


but the u//ramarine will appear of a ſtrongly lumi- 
nous and reſplendent blue, and the carmine of 
faint dark blue. 

Since the colours of the rays are not capable 0 
being changed either by retraction or reflexion, I ecom 
is manifeſt, that if the ſun's. light conſiſted of but 
one ſort of rays, there would be but one colour Wort; 
the world ; and by conſequence, that the variety ori 
colours depends upon the compoſition of light. | 


is likewiſe manifeſt, that the permanent colours o 
| natur 
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eMiztural bodies ariſe from hence, that ſome bodies Le cr. - 
reflect ſome ſort" of rays, and others other forts XX. [if 

more copiouſly than the reſt, and upon that account | | 


ppear of this or that colour. Thus minium, and 
other red bodies, reflect the red rays moſt coplouſſv, 


„Ind thence appear red; violets, and all other bodies j | 
yr the like colour, reflect the violet rays in greater ia | 
"Wbundance than the reſt, and thence have their co- I 
eg dur; and fo of other bodies, every body reflect- {} 


ing the rays of its own colour more copiouſly than 
he reſt, and deriving its colour from the exceſs 
nd predominancy of thoſe rays in the reflected 
light; for tho' all bodies appear of the ſame co- 
bur, when placed together in the light of any one 
wlour, yet every body looks more ſplendid and 
kminous in the light of its own colour than in that 
f any other, which puts it paſt diſpute, that every 
body reflects the rays of its own colour in greater 
bundance, than it does the reſt, and thence has its 
olour, - DN | won 
As natural bodies appear of divers colours, ac- 
ordingly as they are diſpoſed to reflect moſt co- 
pouſly the rays originally indued with thoſe colours, 
dfrom the different proportions which the predomi- 
ant rays bear to the reſt of the reflected light, ariſe' 
ufferent ſhades or degrees in thoſe colours. Where 
e predominant rays are very numerous in pro- 
portion to the reſt, the colour appears ſtrong and 
|; but as the exceſs of the predominant rays leſ- 
ens, the colour, from the mixture of the other rays, 
dates of its livelineſs, and becomes more faint and 
Uute ; and when all the rays are equally reflected, | 
as that no one kind predominates, the colour | 
comes white; for whiteneſs is a mixture of all 1/1 
de colours, and it is more or leſs intenſe in pro- m8 
ortion as the reflected rays are more or fewer in f | 4 
amber; all grays, duns, ruſſets, browns, and other Wo 
ark and dirty colours, down to the deepeſt Zack, 1 
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LEcT. bro bros many leſſer degrees of white, and differ. 
XX. jog om perfect whiteneſs on no other account but 
Sv thar they confift of à leſſer quantity of light, and 
confequently appear leſs glaring and luminous. 
The reaſon why bodles reflect this or that kind 
of Fay more copioufly than the reſt, and conſe. 
quently appear of this or that colour, depends al. 
together on the ſize and denſity of the particles 
whereof the bodies are compoſed. Particles of 
coloured bodies reflecting rays of different co- 
tours according to their different magnitudes and 
denſities, as has been fully proved by Sir Isaac 
NzwrTon, fromexperiments and obſervations made | 
on the, colours of thined bodies of air, water, and The. 
glaſs ebe help of which, he has in the ſecond urs 
book of his Opticks, given us a table containing 
feven orders or ſeries of colours, together with the 
thickneſſes of the particles of air, water, and gli, 
which exhibit the feveral colours in each order; 
. Which thickneſſes are expreſſed in parts, whereo 
0 hundred thouſand make an inch. The firſt 


part of that table is here laid before you; and by 
infpection thereof it will be found, that in each 
order of colours, the red is reflected by particles o 
the preateft thickneſs, and that the thickneſſes of 
the particles whieh reflect the other colours, grow 
leſs and leſs, as the colours which they reflect are 
more and more removed from the red. It is like- | 
wiſe manifeſt from the ſame table, that among th Fr, 
particles which reflect one and the ſame colour We nat 
rhoſe/ which have the greateſt denſty, have the. 1. 
leaſt thickneſs 3 thus for inſtance, the thickneſs on, bo 3 
x particle of glaſs which reflects the ſcarlet of the 
fecond order, is but 124; whereas the thickneſs ot 
water which reflects the fame colour, is 144, an 


Of tl 


likew 
lourle 
mixin 


that of air ſtill greater, to wit 193; ſo that the of the 
thiekneſſes of the particles which reflect any colour Noch. 
increaſe as their Tenfites leſſen; for which reaſon} * 
| particles 


eee e fas 3 


. « — — wx 
=>, vw <5 — 2 wW 


> = = 


= 0 


„ TI 2 KY — — — oo * 
— — 


Or. CALOGURS: 203 


particles. of the ſame thickneſs may reflect different L Rer. 
dlours, provided their denſities be unequal ;. thus XX. 
te particles of air which reflect the violet of the ſe. 
nd order, have very nearly the ame thickneſs with. 
articles. of water which reflect the green, as alſo 
ith the particles of glaſs which reflect the orange 
f the ſame order. 


Thickneſſes of 

Air. Water. Glaſs. 

Ln black „ 
Black 1 bo: 47 ESrvP 
Beginning of black] 2 | 14 | 13. 
4 Blue | | 27 I3. | 1% 

White 51 34 | 98 | 
Orange 8 | 6 |. 54 

L Red- e IM; 


[Violet 114 8þ |. 74 1 
| Indico \ 124 || 9+ [8 
| Blue I4 | 105 þ9' 
* se | wal 4% 
, Orange 173 13 11 
| Bright red 183 133 [114 
Scarlet © | 192| 144 224 | 


— 


From what has been ſaid concerning the colours 
a natural bodies, it follows, that if any change be 
made in the ſize or denſity of the particles whereof 
body is compoſed, the colour of the body will 
likewiſe be changed; for which reaſon, if two co- 
lourleſs liquors be mixed together, they may in the 
mixing ſuffer ſuch changes in the ſize and denſity 
of their parts from their mutual actions one upon 
mother, as to become opaque and coloured; — 


LzcT. -ſuch, 
XX. 


| a Tincture of ſaffron 3 | 


4. 1 Blue. Solution of cop 
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liquors as are coloured, may for the ſame * 
; when mixed together, either become tran 1-4 
rent: and colourleſs, or of ſuch a colour as is a” 


rent from the colour or either, before the mixture; * 1 
as will appear from the experiments now to be i 1 


made. 2 


C m produced by the mixture of Liquors void if 


colour. 


I, 
ſpiri 
Kore 


. ay . 
** . 


'I. Roſated Crit of wine, and. ſpirit of 


2. 
1 ſol 
pf v. 


3. 
Iutio! 


vitriol, a Rel. 
„ 2. TY of mercury, and oil of tartar, Orange. 
80 ution of ſublimate, and lime water, Yellow, 
4, Tinctüre of roſes, and oil of tartar, Green. 
. Tincture of roſes, and ſpirit of urine, Bluc 
6. Solution of copper, and ſpirit of ſal 


_ armoniack, Purpl:. 
: Solution of ſublimate, and ſpirit of ſal 
1 x .armohiack, Whit: 
g. Solution of ſugar of lead, and the ſo- 
0. Jugon of Wiridl Bladl. 
Cal dir arif ing Fro the mixture f ſuch Liquors a 


are coloured. 


Red. Tin&ture of red roſes nd 


Blue. Tincture of violets 5- . - 
T Brown. Spirit of ſulphur . Crimſon 
Red. L incture of red roſes ! Blue 
1 Brown, Spirit of hartſhorn 


© Blue, Tincture of Ebene Violet, 


Blue. Tindtur: of v | 
5: 1 Blue. Solution of — vitriol ung n 


+ , Blue. Tincture gf cyanus. 
2 TR Spirit of Al ahn 


armon. colour 
7. Blue 
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NH « Blue. Solution of hungarian RP Sg. LE 
| 1-3 HM m Tete, XX. 


Brown. Lixĩiviu m 


* 
. Blue. Solution of 22 — 4 2 thn 
| Ke Tincture of red roſes 1 FOI 


Blue. Tincture of cyanus my WF. f 
9 UGreen. Solution of copper Kean, 


Colours changed and reſtored. | 


1, A ſolution of copper, which is green, by 
ſpirit of nitre is made colourleſs, and is again re- 
ſtored by oil of tartar. © SR PET | 
2. A limpid infuſion of galls is made Hack by 
ſolution of vitriol, and tranſparent again by oil 
f vitriol, and then act again by oil of tartar. 

3. Tincture of red rofes, is made #/act'by a ſo- 
lution of vitriol, and becomes red again by oil of 
4. A flight tincture of roſes, by ſpirit of vi- 
iol becomes of a fine red, then by Piri of ſal 
rmoniack turns a green, and then by oil of vitriol 
xcomes red again. LIE REST Y 

5. Solution of verdegreaſe, from a green by 
pirit of vitriol becomes colourleſs, then by ſpirit 
if (al armoniack turns a purple, and then by oil 
if vitriol becomes tranſparent again. "i 


Among the various Phenomena of colours, there 
none more remarkable than that of the rainbow, 
1.Which is an appearance obſervable in thoſe places 
nly where it rains in the ſunſhine, and where the 
pectator is placed in a due poſition between the ſun 

d the rain, with his back to the former; for which 
aſon it is generally allowed, that the bow is made 

ly the refraction of the ſun's light in drops of fall- 

le. MWg rain; the manner wherein it is formed, has in 
me meaſure been explained by Ax rONIuS DE 

. Toni is, archbiſhop of Spalato, and after him by 


Des CARTES; but as neither of them — 
Tg the 
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Lor. the true drgin of colours, it was impoſtible for 
XXL. them not to be defective in their accounts; and 
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Sow herefore Sit Ia ac N wTOn, aſter he had diſeo - 


9. 
Fig. 1. 


vered the true nature and riſe of colours, ſet him. 


ſalf to tha conſideration of . and towards 


the latter end of the firſt book of his Opticks, has 
given a full and ſatisfactory account of the whole 
matter; the fabſtance of what he has there deli- 
vered concerning the rainbow 1s as follows. 
Let a drop of: ram, or any other ſpherical tran- 


ſparent body be reprefeated by the ſphere BNFG, 


and let AN be one of the ſun's rays, incident upon 
it at N and thence refracted to F, where let it 
either go dut of the ſphere by reſraction towards V, 
or be:refleted.ta G and there let it either go ou 
by refraction to R, or be reftected to H, where let 
it go out by refraction towards 8, cutting the inci- 
dent ray in Y; let AN and RG be produced till 
they meet in X. Parallel to the incident ray AN, 
let the diameter BQ be: drawn, and let BL be a 
drant, on every point of which let us ſuppoſe a 
ray to fall parallel to BQ; as the point of incidence 
removes from B towards L., the angle AX R which 
the rays AN and RG contain, will firſt increaſe, 
and then decreaſe; and on the other hand, the 
angle AYS, contained between the rays AN and 
YS, will firſt decreaſe and then increaſe. This be- 
iog fo, if we ſuppoſe N to be that point of the 
quadrant BL, whereon if the incident ray AN falls, 
it makes the greateſt angle with the ray GR, which 
emerges after one reflection; then all the rays which 
fall on each fide at a very little diſtance from N, 
and go out after one reflection, will emerge paral- 
let} or very nearly parallel to. GNM; whereas thoſe 
which fall on the quadrant at greater diſtances from 
N, will notwithſtanding their paralleliſm before 
their incidence be ſcattered, and diverge from one 
another after their emergence. If therefore an eye 
be ſituated in the direction of the former _ 
449): g | Whic 
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e ee 
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which go out paralleb they will „ — jouſtx I. 
u to exhibit — 2 ſun in the drop of 


nin which reflects them but if the eye he ſo placed 
u to receive the latter rays which go out divergiog: 
thoſe which enter the eye will be tao few to excite 
ny fenſation; and of conſequence, the image of: 
the fun will not appear in the drop to an eye ſo ſi- 
tated. mn 477 ie. en a. 127.508 
If N be the point, wherean if the incident ray 
AN falls it makes the ſmalleſt angle with the ray 
HS, which emerges after two reflexions3 then, as 
before, all the rays which arg incident near N, aud 
which emerge after two reflexions, will go out pa- 
nllel, and for that reaſon, will exhibit the ſun's 
image to an eye ſituated in their direction; hut 
thoſe rays which are incident at any ſenſible diſtance 
from N, and which emerge after two reflexions, 
vill be ſcattered as they go out, and upon that a- 
count, will be too few, and conſequently $06: 
feeble to excite any fenfation in the eye of the ſpec - 
ator, do ene narben 
Now, foraſmuch as the rays which are of diffe- 
rent colours have likewiſe different degrees of re- 


fangibility, the greateſt angle AX R which can be 


made by the incident rays, and thoſe which go out 
after one reflex ion, will be of different magaitudes 
in rays of different colours; ſo likewiſe will the 
ſmalleſt angle AYS, that can be made by the in- 
adent rays, and thoſe which go out after two re- 
lections; and it has been found by computation, 
that in the leaſt refrangible to red rays, the greateſt 
gle AX R, is 42 degrees and two minutes; and 
the leaſt angle AS, 30 degrees and 57 mi- 
nutes; and in the moſt refrangible or violet rays, 
the greateſt angle AX R, has been found to be 40 
degrees and 17 minutes; and the leaſt angle AYS, 
34 degrees and 7 minutes. 721 $I 

Suppoſe now that O is the ſpectat 


OP a line drawn parallel to the ſun's rays g and let F. 2: 


POE 


or's eye; and Pl. 9. 


Or COLOURS; 


12 . POE be an angle of 40 degrees and 17 minutes ud 
XX. POF of 42 degrees 2 minutes, POG of 50 de. Bon 


grers 57 minutes, and POH an angle of 34 de. Wt 
ge's 7 minutes; and theſe angles turned about e © 
their common fide, ſhall with their other ſides OE, 


OF, OG, and OH, defcribe the verges of two rain- 
bows AFBE and CHDG. For if E, F, G, and 
H, be drops of rain placed any where in the coni. 
cal ſurfaces deſcribed by OE, OF, O6, and OH, 
and be illuminated by the ſun's rays SE, SF, SG, 
and SH, the angle SEO being equal to the angle 
POE, or 40 degrees and 17 minutes, ſhall be the 
greateſt angle in whichthe moſtrefrangible rays can 
after one reflection be refracted tothe eye; and there. 
fore, all the drops in the line OE, ſhall ſend the 


- 


moſt refrangible rays moſt copiouſly to the eye, and 


( 


thereby ſtrike the fenſes with the deepeſt violet co- Net 


loar in that region. And in like manner, the angle 
SFO being equal to the angle POF, or 42 degrees 
2 minutes, ſnall be the greateſt in which the leaſt 
refrangible rays after one reflexion can emerge out 
of the drops; and therefore, thoſe rays ſhall come 
moſt copiouſly to the eye from the drops in the line 
OF, and ftrike the ſenſes with the deepeſt red co- 
lour in that region.” And by the ſame argument, 
the rays which have intermediate degrees of refran- 
gibility, ſhall come moſt copiouſly from drops be- 
tween E and F, and exhibit the intermediate co- 
loursin'the order which their degrees of refrangibi- 
ury require, that is, in the progreſs from E. to F, 
or from the inſide of the bow to the outſide in this 
order, violet, indigo, blue, green, yellow, orange, and 
„„ 

Again, the angle SGO being equal to the angle 
POG, or 50 degrees and 31 minutes, ſnall be the 
leaff angle in which the leaſt refrangible rays can 
after two reflexions emerge out of the drops, and 
therefore tlie leaft refrangible rays ſhall come molt 


copiouſly to the eye from the drops in the line OG 
. an 
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ad ſtrike the * age Sn el red in ok . K. gr. 
ion, And the A being equal to the 
gle PO H, or 54 degrees and 7 7 W 
e the leaſt angle, in which the moſt Tefrapgible 
ys after two reflexions, can emerge out. of the 
— and therefore, thoſe rays ſhall. come mo 
opiouſly to the eye from the drops in the line OH. 
ud ſtrike the ſenſes with the deepeſt 1 2 that 
gion. And by the ſame argument, the 
he regions between G and H, ſhall ſtrike the wy ita 
ith. the intermediate colours, in the order 1 2 
cir degrees of refrangibility require, that is, 
ie progreſs from & to H, or from the inſide of _ 
bow to the outſide; in this order, red, orange, Joh. 
ten, blue, indigo, and violet. And ſince theſe fgur 
nes OE, OF, OG, and OH, may be ſituated ; 
here in the abovementioned conical ſurfaces, what, 
k faid of the drops and colours in theſe lines, is to. 
e underſtood of the drops and colours every where 
5 þ thoſe ſurfaces. Thus then ſhall there be made 
vo bows of colours, an interior and ſtronger, by 
ine reflexion in the drops, and an exterior and 
uinter by two (for the light becomes fainter by 
7 reflexion), and their colours ſhall be in a con- 
we order to one another, the red of both bows 
bordering upon the ſpace GF, which is between the 
bows, The 2g of the interior bow meaſured 
rols the colours, ſhall be one degree and 45 * 
utes, and the breadth of the exterior, ſha hall be 
legrees 10 minutes, and the diſtance between them 
hall be 8 degrees 55 minutes; the greateſt ſemi- 
lameter of the innermoſt, or the angle POE, be- 
ing 42 degrees and 2 minutes, and the leaſt ſemi- 
dameter of the outermoſt, or the angle PQG, be- 
ing 50.degrees and 57 minutes. And theſe are. 
2 meaſures of the bows as they would be were the 
un but a point; for by the breadth of his body, 
he breadth of the bows will be increaſed, and their 
| Siſtapcs 


—_— as a — — 1 1 


Lor. diſtance leſſened by half a degree; and fo thi 
XX. breadth of the interior will be 2 degrees 15 minute 
YL nd that of the exterior 3 degrees 40 minutes, and 


Pl. 9. 
Fig. 3, 


wiſe produced, may therewith make an angle OX[ 


fan, be placed at O, and let it be directed to ſuch: 


Or COUOURS. 


their diftance 8 degrees 24 minutes ; the greateſt ſe 
midiameter of the interior bow 42 degrees 17 mi 
nutes, and the leaſt of the exterior go degrees 42 mi 
nutes; and ſuch Sir Isaac NzwrTon ſays he hy 
found the dimenſions of the bows in the Heavens 
when he meaſured the fame. This explication of the 
rainbow is confirmed by the following experiment Mhav 
let a glaſs: globe filled with water, as AB, be hungiſhal 
up in the fun-ſhine, with a black cloth placed behinWhectc 
it, and let IS be one of the ſur's rays incident there / 
on let the eye of a ſpectator whoſe back is to the 


4 
. 
- 


1 


——— the lower part of the globe ſuppoſe C, x 
ata ſtrait line dra vn from the eye throꝰ that poi 
and continued on till it meets the incident ray like 


of 42 degrees 2 minutes; and the ſpectator ſhall the 
ſee a full red colour in that ſide of the globe oppe 
{ed to the ſun as at F; let then the eye be raiſediiſtic 
up gradually to P, till the angle PZI become ebjec 
equal to 40 degrees and 17 minutes, and as the 
eye riſes, it will perceive other colours, to wit, ae 
tow, green, and blue, ſucceſſively in the ſame ſide het 
ef'the globrt. tl, ] 

Again, let the eye be placed at Q, and let it b nta 
directed to ſuch a point in the upper part of thqſnerte 
globe ſuppoſe D, as that a ſt rait line, drawn from the 
eye thro* that point and meeting the incident 7a) 
protracted, may therewith make an angle QSI oi 
zo degrees and 57 minutes, and there will appea 
a faint red colour in that fide of the globe toward 
the ſun; let chen the eye be gradually depreſſed tc 
R, till the angle RTI is 54 degrees 7 minutes, 2 
the eye ſinks, the red will turn ſucceſſively to the 
other colours, yellow, green, and blue, as in the 
former caſe upon the raiſing of the eye. le 
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NTENDING in my next lecture to enquire LE Cr. 
into the Na Tux x os VIS ton, where I ſhall XXI. 
have occaſion to take notice of Defeftive Eyes, 1 
ball in this lecture, by way of preparation, — 

tefore you ſome of che chief properties of fi 
knſes or glaſſes as are moſt. commonly in uſe for 
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Miſting defective eyes; and they are of two ſorts, 6 
Ft, fuch as are equally convex on both ſides, and | 
condly, ſuch as are on both fides equally con- 14 
ave. The former ſort is repreſented in the fourth 1 
fgure, and the latter in the fift g 1 
Let ABC be an object placed before the double pi. g. || 
dex lens HK, at any diſtance greater than the Fig. 6. } 
radius of the ſphere, whereof the /oxs is a ſegment; q! 

the rays, which iſſue from the ſeveral points of the 1 
object, and fall upon the lens, will in their paſſage 1. 


uro“ it, be ſo bent by the refractive power of 
ue glaſs, as to be made to convene at ſo: many 
daher points behind the lens, and at the place of 
their concourſe, they will form an image or repre- 
entation of the object; and this image will be in- | 
wrrted, becauſe the rays which flow from A, the Hs 
wpermoſt point of the object, arc united-at F, the . if 
bwermoſt point of the image, whilſt thoſe which 
low from C, the loweſt point of the object, are 
brought together again at D, the higheſt point of 
the image. So, likewiſe thoſe rays which iſſue 
rom the right fide of the object, are united in the 
left ſide of the image, whilſt thoſe which proceed 
tom the left fide of the object, concur in the right 
ide of the image; as will appear by placing a light- 
d candle before a double conver lens, at ſuch a diſ- 
| tance 
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LECT. tance as that the image thereof may be formed on 
XXI. a piece of white paper placed at a due diſtance be. 
bind the lens; for the flame will appear inverted ,;, 
with its point downward ; and if either fide of the I the 
flame be intercepted by the interpoſition of a dark 
— the contrary ſide of the image will be ob- 

ſcu 


With regard to this experiment, I muſt obſerveW;.. 
= to you, that tho? there is one certain diſtance, at * 
which the paper muſt be placed, in order to exhi - m. 
bit the image with the greateſt diſtinctneſs, yet may al 
the diſtance be a little varied without rendring the x 
| image confuſed ; and it is remarkable, that when f r 
| the image is projected on the paper at the neareſt ¶ nd 

| diſtance that it can with any degree of diſtinCtneſs, 
| it appears bordered all around with red; which 
redneſs continually decreaſes, as the paper is more 
| and more removed from the lens; and when it is 
| removed to ſuch a diſtance as is requilite to give the 
image the greateſt advantage in point of diſtinct- 
neſs, the redneſs intirely vaniſhes, and leaves the 
image equally white all over; but upon a farther 
removal of the paper, the edges of the image which 
at the neareſt diſtance were tinged with red, do 
now appear tinged with blue, If a candle, which 
N. 9. is placed at A before the convex lens CD, has its 
Fig 7- image projected on a paper at EF, ſuppoſing that 
to be the leaſt diſtance at which it can be projectec 
diſtinctly, its edges will appear red, but upon the 
removal of the paper to GH, they will become in an 
white; and when the paper is removed to IK, 
they will appear blue; the reaſon of theſe differentiays 
appearances is this, the rays of light as AC and AD, Wh: o 
which flow from the candle, being compounded ol Nu]! 
—— of different colours, whereof the red are but tl 

eaſt refrangible, and the blue moſt ſo, upon paſſing 
thro' the lens, the blue rays are made to convene 
ſooneſt, and the red lateſt; as in the figure where 
the blue are denoted by the pricked lines, and the 


red 
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red by the continued; ſo that an 1 is fo 
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ECT. 


J EF, by the concurrete of fame of the mote XXL. 
- Ml refrangible Rays, and it is tinged round its edges 2 


the red rays, which, converging more Howly, than, 


d 

cM the reſt lie outermoſt, © oF ph 
Atſter the blue rays have concurred, they croſs 
| a 


one another, and go on diverging towards GH, 
where meeting with the red rays which have not 
eh yer concurred, and there mixing with them and 


tl the rays of other Colours, they produce 1 Thi. 


„mage, whiteneſs reſulting from a due mixture 


ul the colours; as they proceed forward toward 


IK, they, by reaſon of their greater divergence, 


a pread themſelves on all ſides beyond the other rays, 
i Fre by ſo doing, tinge the outlines of the image. 


„blue. 
h 


ro double convex lens, depend the appearances of the 
5 camera obſcura, which is a {mall ſquare box with a 


remity whereof is fixed a double convex Jens  with- 


den the box is placed a looking: glaſs in a flanting, 


er poſition, fo as to be at half right angles with the 


ch bottom of the box, which is parallel to the horizen. 
oon the top of the box is placed horizontally 1 
cer glaſs rough on one fide, whereon the pictures of 


Objects are repreſented in the following manner. 


n an angle of 45 degrees, LM the plate of rou 
glaſs covering the top of the box horizontally. The 
ys which flow from A, the uppermoſt point of 
Je object, after they have paſſed the lens, converge 
towards F, and would actually meet at that point, 
ut that they are intercepted by the looking-glaſs 
vH, which reflects them, and throws them up- 
nc ard; and foraſmuch as the inclination of the rays 
ere Fwwards one another is no = altered by the reflexi- 
WIA 3 do 


On the formation of gags by met " 


tube iſſuing horizontally from one ſide, at the ex- 


— — 


* — — 2 — > — "9 —u— 


— 


— - -— — — — 4 
— — 
8 * 
— - 


— 


— 


Let AB be an object placed before CD, the lens Pl. 9. 
fxed in the tube which iſſues from the box; GH Fig. * 
ne looking-glaſs inclined to the bottom of the box, * 
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LE r. on, they muſt meet at ſome point as K, as far diſ- of 
XXI. tant above the ſpeculum, as the point F is behind it. di. 
nn like manner, the rays which flow from B, the I of 

| loweſt point of the object, and which after they have MW ch 

paſſed the glaſs are tending towards E, being re- 

flected upward by the ſpeculum, are made to con- 

vene at I, whoſe diſtance above the. /peculum, is D. 

equal to the diſtance of E behind the ſpeculum; and 


as the rays from the extream points A and B, are Tl 
made to convene at K and I, fo thoſe which floy 15 
from the intermediate points of the object, are | 
brought together at correſponding points between rip 


K and I, whereby the image is projected horizontal. 
ly, but with its right and left ſides correſponding Pe 
to the contrary ſides of the object; as may appear i 
by placing a man before the lens, and cauſing him to 
ſtir one of his hands; for in the image the other 
hand will appear to move. * 
The diſtance of the irhage behind the glaſs is : - © 
ways varied by varying the diſtance of the object be WM 
fore the glaſs ; the image approaching as & ob 
ject recedes, and receding as that approaches. For be 
Pl. 9. if we ſuppoſe A and C to be two radiating point, . a 
Fig. 9. from which the rays AH, AK, and CH, CK fil — 
upon the lens HK, it is manifeſt, that the rays from * 
the more diſtant point diverge leſs than thoſe from 


the nearer point, the angle at A. being leſs than that 3 
at C; conſequently, when they paſs thro the glab 4 


they muſt be brought together ſooner, and mull wil 
convene at ſome point as B, leſs diſtant from the I & 
lens, than is the point D, whereat the more d. de 
verging rays from the point C are made to con- D 
|. 
Where the diſtance of the object, and the radiu * 
of the lens convexity are given, and where the - 
thickneſs of the lens is but ſmall, as is commonly — 
the caſe ; the diſtante of the image from the /ens 5 —— 
determined very nearly, by ſaying, as the diſtance © ® 
of the object from the lens, leſſened by the 1 

0 
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of the len's convexity, is to the radius, fo is the LE Cr. 
diſtance of the object from the lens, to the diſtance XXI. 
of the image from the lens; that is, putting D for, 


the diſtance of the object, R for the radius of the 
convexity, and F for the diſtance of the image, 
D—-R:R::D:F; conſequently, F= — 
The truth of this rule is demonſtrated by the 
writers of Diop TRI Es; but as all the demon- 
ſtrations which I have hitherto met with are tedious 
and intricate, I ſhall not at preſent trouble you with 
them, but ſhall proceed to confirm the rule by ex- 


cents. ' 


Let then the flame of a candle be placed at the Exp. 3. 


diſtance of twelve Feet and an half from a double 
convex lens, the radius of whoſe convexity is four 
feet two inches ; that is, let the diſtance of the flame 
from the glaſs be equal to thrice the radius, and the 
image will be projected behind the lens at the dil- 
tance of ſix feet three inches, that is, at the diſ- 
tance of a radius and an half; for in this caſe, R 
being put equal to unity, RD is three, which be- 
ing divided by DR, that is, by two, gives one 
and an half in the quotient. 


If the flame be brought nearer to the lens, the Exp. 4. 


image will move farther from it, and when the diſ- 
tance of the flame becomes equal to twice the diameter 
of the lens“ s convexity, the diſtance of the image 
will be equal to that of the flame, the lens ſtanding in 
the midway between them; for in this caſe DR 
1 to R, and of conſequence, F is equal to 


The flame being placed at the diſtance of the Exp. 5. 


radius, the diſtance of the image becomes infinite. 
For in this caſe DR is nothing, and F is equal to 
_ 3 8 

which expreſſion denotes an infinite quantity; 
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Le o r. ſo that in this caſe there will not be any image of 
XXI. the flame; but the rays of light which flow from 


will go on parallel to one another, and by ſo doing, 

form a bright circular image, equal in ſize to the 

lens, and the magnitude thereof will remain the 
ſame at all diſtances from the glass. le 
Where the diſtance of the flame is leſs than the 4. t 
dius of the convexity, D- R becomes a negative MW ir 
quantity, and ſo of conſequence does the quotient I b 
ariſing from the diviſion of DR by D- R; which MI 0! 
ſhews, that the place at which the rays meet, lies on F 
the ſame fide of the lens with the flame; or to ſpeak MI tr 
more properly, that the rays after they have paſſd i 0 
the lens, proceed diverging from one another in 
ſuch a manner, as if they had flowed from a point 
before the lens, more diſtant than the place of the 
flame. For the eaſier underſtanding of which, let 
the rays AB and AC flow from the point A, who: 
diſtance from the lens BC, is leſs than the radius 
of the lens's convexity ; after they have paſſed the 
glaſs, they will not continue to go on in the directions 
BD and CE, but in the directions BF and CG, » 
if they had proceeded from ſome point as H, more 
diſtant from the lens than is the point A, from which 
they really flow; fo that in this caſe, the rays after 
they paſs the glaſs, go on diverging from one ano- 
ther, but however they do not diverge as much 3s 
they did before they paſſed the glafs. | 
When the diſtance of the flame from the glals b 
ſo great, as that neither the breadth of the en 
nor the radius of its convexity bears any ſenſible 
praportion to it, then D- R is equal to D; and ol thai 
conſcquence, F is equal to R; that is, the diſtanc Pte 
of the image is equal to the radius of the gla' 9th 
convexity, and this is the leaſt diſtance at which a mt 
image can be projected by ſuch a lens; and fora Whe 


a 
c 
0 
WW the candle, after they have paſſed thro' the Jens, Nc 
0 
f 


much as the rays of the ſun, which by reaſon off Wh 


the immenſe diſtance of his body, are always unitec 
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at the ſmalleſt diſtance, are apt to burn at the place L z or. | 
of their union; that place is uſually called the focus XXI. 
or burning point, and FA metimes the abſolute focus, in. 
contradiſtinction to thoſe places whereat the images 
of leſs remote objects are formed, and which are 
frequently called the reſpective foci. 

The — or breadth of an object, is to the 
length or breadth of its image, as the diſtance of 
the object from the lens, to the diſtance of the 
image from the lens. For if AC be the length or pl. g. 
breadth of an object, and DF the length or breadth Fig. 6. 
of its image; AB, which is one half of AC, is to 
FE, which is one half of FD, as BL to EL, the 
triangles ABL and FEL being ſimilar. Hence it 
follows, that the nearer an object approaches the lens, 
the larger is its image, the image receding, and con- 
ſequently inlarging, as the object approaches; and 
thus it appears to be from experiments; for the Exp. 6. 
fame of a candle being placed at a diſtance greater 
than the diameter of the lens's convexity, in which 
caſe the diſtance of the image 1s leſs, appears larger 
than the image; but being brought within the diſ- 
tance of the diameter, the image, which in that 
caſe is at the fame diſtance, becomes equal to it; 
and upon bringing the flame ſtill nigher, the image 
becomes larger in proportion to the ſquare of its 
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The fame thing is likewiſe evident from the ma- Exp. 7. 
gick lantern ; which is a lantern out of which iſſues 
an horizontal arm, capable of being lengthened or 
ſhortened at pleaſure, by means of one part ſliding 
in and out of the other; to the extremity of the 
moveable part is fitted a double convex lens; and to 
that part of the arm which joins the lantern is ad- 
apted a glaſs, plane on one ſide, and convex on the 
other, the plane ſide looking towards the Jantern ; 
in the body of the lantern there is placed a candle, 
whoſe diſtance from the plano-convex glaſs is ſome» 
what leſs than the focal diſtance 3 fo that the light 
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L= c'T. which paſſes thro? that glaſs, is thrown very ſtrong- 
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XXI. ly upon little images painted in dilute colours on 
V pieces of plane thin glaſs ; which being fixed in a 


Pl. 9. 
Fig. 11. 


ſider that moves to and fro acroſs the arm, are 
placed at a irnall diſtance behind the plano-convex glaſs 
in an inverted poſition, and by means of the lens 
in the movcable part of the arm, are projected in 


an erect poſition, on a paper or white cloth placed 


at a proper diitance ; if by drawing out the move- 
able part of the arm, cli pictures be removed to a 
greater diſtance from the in, the lantern muſt be 
brought nearer to the cloth, in order to a diſtin 
repreſentation ; becauſt, as the object recedes from 
the lens, the image approaches, and at the fame 
time the images will bc diminiſhed. But on the 
other hand, if by thruſting in the arm the pictures 
be brought nearer the lens, the lantern mult be re- 
moved farther from the cloth, and in this caſe, the 
images will appear larger. | 

As convex glaſſes cauſe the rays of light to con- 
verge and unite, {o thoſe which are concave make 
them ſeparate and diverge z3 for which reaſon, if 
diverging rays fall upon a concave Jens, they will 
diverge more after they have paſſed thro? it, than 
they did before; and ſuch rays as converge before 
their incidence, will after their paſſage converge 


leſs ; for inſtance, if the rays AB and AC, which 


diverge from A, paſs thro* the concave lens BC, 
they will not go on in«the directions BD and CE, 
but in ſome other directions as BH and CG, ſo as 
to widen faſter than before. On the other hand, it 
HB and GC, be two rays converging towards K, 
after they have paſſed thro? the glaſs, they will not go 
on towards K, but towards a more diſtant point as 
A, ſo as to converge more ſlowly than before. All 
which 1s fully confirm'd by experiments. For a 
candle being placed before a convex lens, ſo as to 


have its image projected on a white paper, placed at 


a due 
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a due diſtance behind the /ens, if a concave glaſs LE cw. 
be placed between the convex and the image, ſo XXI. 
as that the rays which are converging towards the WWW 


image may paſs thro? it, the image will thereby be 
thrown to a greater diſtance behind, the rays being 


made to converge more ſlowly, and of conſequence, 
to meet at a greater diſtance than they did before 
the concave was interpoſed ; and it muit be obſer- 
ved, that as the image is thrown to a greater diſ- 
tance, it muſt for that very reaſon be inlarged ; 
and foraſmuch as the larger image is compoſed of 
the ſame number of rays, or rather fewer, ſome of 
the rays being reflected by the concave lens, it muſt 
on that account, appear leſs bright and luminous 
than the ſmaller. If by the removal of the convex- 
lens, the rays which flow from the candle be ſuffer- 
ed to fall diverging on the concave, and a white 
paper be placed cloſe behind the glaſs, there will 
appear thereon a dark circle of aun breadth, occa- 
ſioned by the ſhadow of the hoop which contains 
the glaſs 3 and the circular area contained within the 
ſhadow, will be inlightened by the rays which paſs 
thro? the glaſs ; and becauſe all the rays which fall 
upon the glaſs, do not paſs thro? it, ſome of them 
being reflected, the circular area will appear ſome- 
what «darker than the other parts of the paper, 
which are expoſed to the light of the candle, with- 
out the interpoſition of the glaſs ; upon removing 
the paper gradually from the olaſs, the circular area 
will gradually inlarge, and as that inlarges, the 
ſhadow which invirons it will grow narrower, and 
at length vaniſh 3 and upon the vaniſhing of the 
ſhadow, if the paper be removed a little xy Ah there 
will ariſe a bright circle all around the circular area, 
which will grow broader, but leſs bright, as the 
paper is more and more removed from the glaſs ; 
and at the fame time, the circular area will continue 
to widen, and grow darker. All which appear- 


ances are the natural and neceſſary conſequences of 
X 4 the 
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L x c r. the divergency or ſpreading of the rays, occaſioned 
XXI. by their paſſage thro? the glaſs ; for the farther they 
V go from they glaſs, the more they muſt diverge, and 


by fo doing, muſt on all ſides ſpread themſelves in- 
to the place of the ſhadow, and render it equally 
luminous with the reſt of the area; and when they 
have ſpread themſelves a little beyond the limits of 
the ſhadow, they fall upon ſuch parts of the paper 
as were before inlightened, and there, by their ad- 
ditional light, exhibit that bright circle which ſur- 
rounds the darker area; and the bright circle, by 
the farther ſpreading of the rays, as the paper is 
more and more removed from the glaſs, grows 
broader and leſs luminous; as does likewiſe the 
circular area, from the ſpreading of the rays where- 
with it is inlightened. 

| Tho? concave glaſſes do not collect the rays of 
light, and conſequently, have not a real focus ; yet 
inaſmuch as the rays after they have paſſed thro' 
ſuch glaſſes, do flow in ſuch a manner as that they 
either tend to ſome point behind the glaſs, or ap- 
pear to flow from ſome point before it, thoſe points 
are uſually called the foci; and in double concave 
of equal concavities, the foci for converging raysare 
found, by ſaying, as the radius of the glaſs's conca- 
vity leſſened by the diſtance of the point of conver- 
gence from the glaſs is to the radius, fo is the dil. 
tance of the point of convergence to the focus. And 
the foct for diverging rays are found, by ſaying, as the 
ſum of the radius and the diſtance of the point of di- 
vergence from the glaſs, is to the radius, ſo is the 
diſtance of the point of divergence to the focus. S0 
that putting F br the focus, R for the radius, and 
D for the diſtance of the point of convergence, or 


divergence, F z the negative ſign being to 


RD 

Soy >=: 
be prefixed to D when the rays converge, and the 
affirmative where they diverge. | 


The 
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The demonſtration of this Theorem, I ſhall for 
the preſent omit, on account of its tediouſneſs and 


intricacy, and ſhall cloſe the lecture with this obſer- 
vation; that if rays which are converging towards 
a focus be intercepted by a concave lens, whoſe dif- 
tance from the focus is equal to the radius of its con- 
cavity, after they had paſſed thro? the glaſs, they will 
ceaſe to converge and become parellel, for Rand D 
being equal, R—D is o; conſequently F is infinite; 
that is, the point to which the rays converge, is at 
an infinite diſtance, and the rays of courſe muſt be 
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M* deſign in this lecture, is to explain the LEO. 
manner of VISION with the naked eye; and XXII. 
likewiſe to ſhew you, what aſſiſtances the ſight re 


ceives from glaſſes ; and in order thereto, I ſhall 
give you a ſhort deſcription of the eye. 
If a ſmall portion be cut off of a globe, and in 
the room thereof a portion of a ſmaller globe, but 
of an equal circular baſe be ſubſtituted, the com- 
pound will exhibit the true figure of the eye ; for 
it is of a globular form, but more convex before 
than in any other part. It conſiſts of ſeveral mem- 
branes which lie contiguous one to another, of which 
the outermoſt is called the tunica adnata or conjuntti- 
; it has its riſe from that membrane which in- 
veſts the ſkull, and it covers the whole ball of the 
tye, except the foremoſt tranſparent part; that 
portion of it which 1s viſible, 1s called the white of 
the eye. Beſides, this membrane, which is not 
reckoned among the proper coats of the eye, there 
are three others, which conſtitute the proper coats; 
the firſt of which is called the ſclerotica, it is a tough 
membrane 
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Le r. membrane derived from the dr mater, which 
XXII. paſſes to the eye from the brain along with the . 


WAYS tick nerve, and is thence propagated over the whole 


globe of the eye; on the fore part it becomes tranſ- 
parent like thin poliſhed horn, which has given ana- 


tomiſts occaſion to make two membranes of it, and 


Pl. g. 
Fig. 12. 


to call the tranſparent part cornea; this part is re- 
preſented by ABF. 


The ſecond membrane, called tunica choroides, is 


derived from the pia mater, and tranſmitted like. 


wiſe from the brain along with the optick nerde; 
thisis much thinnerand tenderer than the former, and 
tinged on the hinder part with a black liquor. The 
fore part is-called the avea, and ſometimes the jri;, 
from its variety of colours. In its middle is a ſmal 
hole called the ſight or pupil; the iris conſiſts of ſe- 
veral circular concentrick muſcular fibres, which are 
cut acroſs at right angles by other ſtrait fibres in the 
manner of ſo many radi ; by the contraction of the 


Former the pupil is leſſened, and js enlarged by the 


* 


contraction of the latter. 

The Third coat is uſually called the retina, and 
ſometimes the nervous coat, being nothing elſe but 
the optick nerve, which ſpreads itſelf in the form of 
2 membrane over the bottom of the eye, over 
againſt the fight, Theſe coats lying contiguous, 
form a capſula or bag, wherein are contain*d the 
three humors of the eye, called the aqueous, the 
ebryſtalline, and the vitreous. 

At a little diftance behind the pupil is placed the 
chryſtalline humor, which is convex on both ſides, 
but fomewhat flatter before than behind; it is ſup- 
ported by ſmall muſcular fibres, called the ciliary lf 
gamente, which are inſerted into the edges of the 


chryſtalline humor at one end, and at the other, 
into the tunica choroides, and being cloſely united, 
form a kind of membrane, whereby the cavity of 


is divided into two parts; in the foremoli 
ſo called, 


becauſe 


the e 
of which is lodged the aqueous humor, 
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becauſe in conſiſtance and colour it ſomewhat re- LR. 
ſembles water, being almoſt equally limped and XXII. 
tranſparent. In the hindmoſt is lodged the vitreus 
humor, which has its name from the reſemblance 
it is ſuppoſed to bear to melted glaſs. BF miond 
It has been generally thought by Anatomiſts, that 
the humors of the eye are of different denſities ;. 
and that the chryſtalline is much more denſe than 
either of the other two, but Doctor RopiynsQn 
has informed us in his lecture on the eye, that 
upon weighing theſe humors in an hydroftati- 
cal ballance, he found the aqueous and vitreous to be 
very nearly of the ſame ſpecifick gravity z and chat 
the ſpecifick gravity of the chryſtalline, did not 
exceed the ſpecifick gravity of the others, in @ 
greater proportion than that of eleven to ten 
whence it follows, that the chryſtalline is not of ſuch 
great uſe in bringing the rays together, and thereby 
forming on the retina the pictures, of autward ob- 
jects, as it has been commonly thought to be by | | 
optical writers; for tho? in ſhape it reſembles a double | | 
1 Wl convex lens, and on that account is fitted to make | 
t che rays converge ; yet foraſmuch as jt is ſituated 
' Wl between two humors, which are nearly of the 
me denſity with it ſelf, it can have but little force 
„Js the particles of light; for they are found by ex- 
perience, to be refracted very little in paſſing out 
of one medium into another, when the difference in 
the denſities of the mediums is but ſmall. 

Behind all the coats and humors is ſituated the 
Pic nerve, which paſſes out of the ſkull thro* a 9 
imall hole in the bottom of the orbit which contains 
e eye. O repreſcnts the optict nerue, SS the ſcle- pl. g. | 
vlica or outermoſt coat, whoſe foremoſt tranſpa- Fig. 1. 
rent part ABF, is the cornea, CC 1s the choroides, the | 
ore part whereof AP, and FP conſtitutes the wves 
Tr iris, with the pupil PP in the middle; RR is | 
the retina, AP and FE the ciliary ligaments, = 
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Ex cr. the chryſtalline humor, VV the vitreous humor, and 
XXII. WW the watry humor. 
— « Underneath the white of the eye are inſerted into t 
l 


0 


Pl. . 


Fig. 13. 


Pl. 9. 
Fig. 14. 
Pl. 10. 
Fig. 1 


means, when the ſix muſcles act together, they pre 


are in ſome caſes abſolutely neceſſary in order to 


each point muſt take up ſome ſpace on the velinc, 


the /clerotica, fix muſcles, which take their riſe 


from different parts of the orbit, and are diſtin- 


guiſhed by. different names, taken from the diffe- 
rent motions which they give the eye; their ten- 
dons ſpread themſelves over the ſclerotica, ſo as to 
terminate in the confines of the cornea ; by which 


the ſides of the eye towards each other, whereby the 
eye is lengthened, and at the ſame time the con- 
vexity of the cornea is increaſed ; both which effects 


diſtinct viſion, as will appear preſently. 

- Having given this ſhort account of the conſti- 
tuent parts of the eye, I now proceed to lay before 
you the manner of viſion, If an object as AB, be 
placed at a convenient diſtant before the eye, the 
rays which flow from the ſeveral points of the ob- 
ject, and falling on the cornea paſs thro? the pupil, MW '* 
will be brought together by the refractive power of W 
the eye on ſo many correſponding points of the it 
retina, and there paint the image or repreſentation di 
of the object, in the ſame manner as the images of MW v 
objects placed before a convex lens are exhibited on WM 
white paper, placed at a proper diſtance behind. 
Thus the rays which flow from the point A, are N 2e 


united on the retina at C, and thoſe which iflue WM 8" 


from B, are collected at D; and in like manner, va 
the rays which proceed from the intermediate 10 
points of the object, are again united at fo many 
intermediate points on the retina. On this union of W P 
the rays at the bottom of the eye, depends diſtinct I th: 


- viſion, for ſhould they be united before they arrive ſel 


at the retina, or ſhould the point of their union lic An. 
beyond the retina, it is evident, that the rays from I 3 
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and of conſequence, thoſe which flow from conti- LE c T. 
guous points of the object, will be mixed and blend- XXII. 
ed together on the fund of the eye, ſo as to exhi- WW & 


bit a confuſed repreſentation of the object. 

Now foraſmuch as the rays which fall upon the 
eye from radiating points, whoſe diſtances from the 
eye are different, have different degrees of diver- 
gence, the divergency of the rays increaſing as the 
diſtance of the radiating point leſſens, and leſſenin 
as that increaſes; and whereas thoſe rays whi 
have greater degrees of divergence, require a ſtrong- 
er 4 power to bring them together at a 
given diſtance, than what is requiſite to make thoſe 
meet which diverge leſs, it is manifeſt, that in or- 
der to ſee objects diſtinctly at different diſtances, 
the eye muſt have a power of increaſing and leſſen- 
ing its refractive force, and thereby of adapting it 
{lt to the different diſtances of objects; and this 
it does by means of the ſix muſcles which are in- 
ſerted into the ſclerotica; for when a radiating point 
Is ** ſo near, as that the rays which iſſue from 
it fall upon the eye with a conſiderable degree of 
divergence, the muſcles act ſtrongly on the eye, 
whereby the cornea is rendered more convex, and 
of conſequence, refracts the rays with greater force 
beſides by the lengthening of the eye from the joint 
action of the muſcles, the retina is removed to a 
greater diſtance from the cornea, by which contri- 
vance, the rays are made to convene at the retina, 
notwithſtanding the great degree of divergence 
wherewith they enter the eye. As the radiating 
point recedes from the eye, and the divergency of 
the rays of courſe grows leſs, the muſcles relax them- 
ſelves in order to leſſen the convexity of the cornea, 
and to ſhorten the eye, a leſs convexity of the cornea, 
as alſo a leſs diſtance between the cornea and retina, 
being requiſite to diſtinct viſion in greater diſtances 
of the object than in ſmaller. 


Tho? 


2 . 7 - —— 


— * 


— _ — x 8 » R — 
ä —— ů ö 
_ — — 


326 


Ot VISION. 


LZ er. Tho mbſt mens eyes are fo framed as to be able 
XXII. to ſee diſtinctly at different diſtances, yet ſome there 
LWYW ate which. are defective in this point, as being unable 


to ſee any thing diſtinctly but when placed very 


near; and this is the caſe of their eyes who are 
called mopes, purblind, or ſhort- ſighted; in ſuch 
the cornea is too convex in proportion to the length 
of the eye; for which reaſon, all thoſe rays which 
iſſue from diſtant points, and of conſequence diverge 
bat little, when they enter the eye, are made to con- 
vene before they reach the rerina, As theſe men 


advance in years, their eyes like thoſe of other old 


ten, for want of a due ſupply of humors, abate 
vf their convexity. and grow flatter ; upon which 
account they begin to ſee objects diſtinctly at a diſ- 
tance, without the help of ſpectacles, and are for 
that reaſon deemed to have the mot laſting eyes. 
By the help of concave glaſſes, purblind perſons 


may fee diſtant objects diſtinctly; for as it is the 


property of ſuch glaſſes to make the rays diverge, 


if the rays which flow from a diſtant point, and fall 
upon the eye with a ſmall degree of divergence, be 


made to paſs thro* a concave lens of a proper con- 
cavity, they will thereby be made to diverge ſo 
much, as that the eye, notwithſtanding the great 
convexity of the cornea, ſhall not be able to bring 


them together till they arrive at the retina. 


If CD be a concave lens, and if B be the focus of 
the rays which flow from the point A; that is, if 
the rays which diverge from A, paſs thro? the glab, 
and by the refraction which they ſuffer in their paſ- 
ſage, _ in ſuch a manner as if they had di- 
verged from B; and if the diſtance at which a 


purblind perſon ſees diſtinctly with his naked eye, 
be equal to the diſtance of B from the glaſs, ſuch a 
= will by the help of the glaſs CD, be able to 

the point A diſtinctly; becauſe the rays which 
flow from A, after they paſs thro? the glaſs, fall up- 
on his eye with the ſame degree of divergence, - 


1 
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if they had iſſued from B, the point of diſtinct vi- L x c T. 
fon. Hence it follows, that if in the Theorem laid XXII. 
down in my laſt lecture, for finding the focus of WWW. 
double concaves expoſed to diverging rays, namely 


IO OP 
F = P- wherein F denotes the focus, D the 


diſtance of the point of divergence, and R the ra- 
dius of the concavity, we ſuppoſe F to denote the 
diſtance at which the purblind perſon ſees diſtinctly 
without a glaſs, and D the diſtance at which he ſees 
diſtinctly by the help of the glaſs, by clearing R 


we ſhall have R= PE that is to ſay, the 


radius of the concavity of a double concave of 
equal concavities, which inables a purblind perſon 
to ſee an object diſtinctly, when placed beyond the 
teach of his naked eye, muſt be equal to a rectangle, 
under the diſtance at which he ſees diſtinctly with 
his naked eye, and the diſtance at which it is re- 
quired he ſhould ſee diſtinctly by the help of the 
glaſs, divided by the difference of thoſe diſtances. 
For inſtance, if a perſon with his naked eye, can 
read at the diſtance of three inches only, and it be 
required to find the radius of ſuch a glaſs as ſhall in- 
able him to read at the uſual diſtance of eighteen 
inches; in this caſe, F being equal to three inches, 
and D to eighteen, their product is 54 ; which be- 
ing divided by their difference, which is 15, gives 
three and + in the quotient, which ſhews, that the 
radius of the glaſs muſt be three inches and Iths 
nearly, 

Where the diſtance at which it is required the 
purblind perſon ſhall ſee diſtinctly is infinite, or in 
other words, where it is ſo great, as that the diſtance 
to which the power of his naked eye reaches, bears no 
ſenſible proportion to it, there D- F becomes equal 
to D, and of courſe, R becomes equal to F; fo 
that in order to ſee ſuch objects as are very remote, 


purblind 
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LE c r. purblind perſons muſt make uſe of concave glaſſcs, 
XXII. whoſe radii are equal to the diſtances at which they 
WArw fe diſtinttly with their unarmed eyes. 

A As purblind perſons cannot fee remote objects 
diſtinctly, ſo on the other hand, thoſe who are old, 
cannot generally ſpeaking, ſee ſuch as are nigh; 
the reaſon of which is, that in old men the cornea 
for want of a due ſupply of humor to plump out 
the eye, has not a degree of convexity ſufficient to 
bring the rays together on the retina, when they 

| fall upon the eye with a conſiderable degree of di. 
| vergence; as is the caſe of all thoſe rays which flow 
from points ſituated near the eye. The proper re- 
| medy for this defect is a convex leus, becauſe it lel- 
ſens the divergency of the rays, and brings them 
nearer to a paralleliſm. If with reſpect to the 
Fl. ro. convex lens CD, A be the focus of the rays which 
Fig. 3- diverge from B; that is to ſay, if the rays which 
flow from B and paſs thro* the lens, do afterwards 
proceed in ſuch a manner as if they had diverged 
from A, and if the diſtance at which an old man 
can ſee diſtinctly with his naked eye, be equal to 
the diſtance of A from the glaſs, he will be able by 
the aſſiſtance of the glaſs, to ſee the nearer point B 
diſtinctly ; becauſe the rays which iſſue from that 
point in paſſing thro” the glaſs, acquire the ſame de- 
gree of divergence, with thoſe which flow from A, 
the point of diſtin& viſion, and of conſequence, | 
may as eaſily be brought together on the retina, by I 
the refractive power of the eye ; hence, if we take 
the Theorem laid down in my laſt lecture, for find- nd 


ing the foci of double convexes of equal convexities, — 
and fit it to the caſe before us, where the focus 1s - 
8 | ol RD : 
imaginary, by making F R if then ve * 


| ſuppoſe F to denote the diſtance at which an old eye be f. 
| ſees diſtinctly, and D the nearer diſtance at which it the c 
is required to make it fee diſtinctly with the aſſiſt. youn 

h | ance 
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ance of a glaſs, by clearing R, we ſhall find it LE Or. 


equal to +5. So that the radius of fach a double O, 


convex of equal convexities as inablesan old man to 
ſe a nigh object diſtinctly, muſt be to a rect. 
angle under the diſtance at which he diſtinctly 
with his naked eye, and the diſtance at which he is 
to ſce by the help of the glaſs, divided by the dif 
ference of thoſe diſtances. To illuſtrate this by an 
example ; ſuppoſe an old man cannot with his naked 
eye read at a leſs diſtance than of four feet, and it 

s required to aſſign the radius of ſpectacles which 
ſhall inable him to read at the diſtance of a foot and 
an half; in this caſe, F is four feet, and D is one 
and an half, and their product is ſix, which when 
divided by their difference, to wit, two and an half, 
gives 2 in the quotient z which ſhews, that the 
ſpectacles muſt be ground to a radius of two feet 
and four tenths. 

If F be infinite, which is the caſe where the eye 
can ſee nothing but what is extreamly remote, then 
) is equal to F, and of conſequence, R is equal 
0 D; ſo that where an old man can fee no objects 
iſtin&tly but ſuch as are very far off, in order to ſee 
liſtinctly at nearer diſtances, he muſt for each 
liſtance uſe ſuch ſpectacle glaſſes as have their radii 
qual to the diſtance. | 

If D be given, then R becomes equal 0— 2 -3 
and foraſmuch as the proportion of F to F— 1 in- 
creaſes as F leſſens, R muſt do ſo too, which ſhews, 
nat where the diſtances at which two old eyes when 
warmed can ſee diſtinctly are different, in order — 
make them ſee diſtinctly at any leſſer given 
the eye which can ſee 4 the ſmaller 2 
be furniſhed with a glaſs of a greater ter radius — 
he other. And herein lies the whole fecret of 
jounger and older 2 thoſe being * 
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LE e r. the youngeſt, which are ground to the | largeſt 


XII. rad. | , _ ; 
Having ſhewn you of what uſe both convex and 


PI. 10. 
Fig. 4. 


the extremities by means of the rays AO and 30 


Ca 

P. 
concave glaſſes are in aſſiſting defective eyes, I ſhall c 
now lay before you the alterations which they pro- 1 
duce in the appearances of objects; and Firſt, a; 
to convexes; if an object be viewed thro? a conver 5 
lens, at a leſs diſtance than the focus, it appears more th 
remote and bigger than it does to the naked eye. or 
That it muſt appear more remote, will be evident, n 
if we conſider what, has been already proved in a 6, 
former lecture, namely, that where rays tall upon nu 
a convex lens, from a point leſs diſtant than the foi 61 
after they have paſſed the glaſs, they proceed in fuch or 
a manner as if they had iſſued from a more diſtanM c. 
point; and fince this is the caſe of the rays which th, 
flow from each point in the object, the object mull] po 
of conſequence ſeem to be more diſtant than it ů {@ 
and it muſt lixewiſc appear greater; for if AB H cha 
an object expoſed to a naked eye at O, its extrean h 
points A and B will be perceived by the eye by lin 
means of the rays AO and BO, which flow direct) 
from thoſe points to the eye, but if a convex lens: 
C, be interpoſed, the eye will no longer perceive 


becauſe as they are retracted by the lens, they arc 
made to concur before they can reach the eye ; the 


eye therefore muſt now perceive thoſe points H ! 
means of ſome other rays as AE and BD, whid wil 
falling upon the glaſs ata greater diſtance from eaci the 
other, are by the rafractive power of the glal gig: 
thrown into the directions EO and DO, and mad he 
to concur at O; fo that continuing thoſe lines a and 
rectly backwards as far as the object, to wit to Ianꝗ mor 
II, the eye at O will perceive the extream point app 
of the object as ſituated at J and H; that is, it w. glaf 


perceive the object magnified. And if the eye b bety 

farther removed from the glaſs ſuppoſe to P, H 7 

object will appear ſtill greater, its extremities in 4 whe 
: ca 
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1M &ſe appearing at L and K in the lines PG and PF Le or. 
produced. And on the other hand, if the eye con- XXII. 

YI cinuing in its place, the object be farther removed Wo 
from the lens, it will appear larger; for whereas at - 9 
0-W the nearer diſtance the eye perceives the extream — 
points of the object by means of the rays AE and 
BD, which fall upon the lens at E and D, and are 
re thence refracted to O; when the object. is at the 
e. greater diſtance, its extremities can not be ſeen by 
1, means of the rays incident on the glaſs at E and D; 
tor ſince the interval between the extremities conti- 
dung nues the ſame, the rays which flow from them and 
" fall upon the lens at E and D, will diverge leſs at a 
greater diſtance of the object than at a ſmaller ; 
oy conſequently, they will concur before they reach 
cl the eye; and therefore in this caſe the extream 
ui points of the object muſt be conveyed to the eye by 
> lome rays as aG and bF, which diverging more 
b than the former, fall without them at G and F, 
my whence they are refracted to che eye at O, in the 

"Wl lines GO and FO, which being continued back- 
UY ward as far as the nearer diſtance of the object, to 
"Wl wit to L and K, ſhew that the object which at the 
nearer diſtance appeared to extend it {elf only from 
Ito , does at the greater diſtance ſeem to reach 
from L to K, and of conſequence, appears more 
th magnified. | FOE, 
y If the object be removed beyond the focus, it 
will appear {till greater; but whereas before it paſſes 
me focus it appears diſtinct; as alſo more and more 
au diſtant the farther it is removed from the glaſs, 
when it gets beyond the focus it appears confuſed, 
and the farther it is removed from the glaſs, the 
more contuſed it appears, and the nearer it ſeems to 
approach the eye, provided its diſtance from the 
las be not fo great as to make it project its image 
of Even the eye and the gafs. Y 
This ſeeming approach of the object &t a time 
J When it really recedes, and in a caſe, where accord- 
p LS ing 
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LI e r. ing to the received principles of Dioptricks, it ought 
XXII. to appear at a diſtance, if poſſible more than inf. 
WWW nite, has very much puzzled the Writers of Oprick;, 
and was looked upon as an inſuperable difficulty, 

till Doctor BfRK E L E v took it into conſideration 

in his Zſay upon Yifion, wherein among other dif. 

ficulties which he has cleared up relating to viſion, 

he has given us a natural and ſatisfactory account of 

this. The ſubſtance of what he has there delivered 
concerning this matter is, that by cuſtom and expe. 

rience we are taught to judge thoſe objects near 

which appear confuſed, becauſe according to the 
ordinary courſe of nature, thoſe objects, and thoſe 

only, appear confuſed which are brought very near 

the eye, and therefore if an object ſhall at any 

time appear confuſed, tho? from another cauſe, the 
mind will immediately connect nearneſs of diſtance 

1 the oyert, with that en in the appearance, 

having alwa rienced them to go together; 

and the 5 is, the — it will 

judge the object to be, becauſe it has always obſer- 

ved the neareſt diſtances to be attended with the 

greateſt confuſions 3 now if in the caſe before us, 

Pl. 10. ve Mppoſe A to be an object placed before the 
Fig. 6. conden tens BC, at a greater diſtance than the fore 
the rays after they have paſſed thro* the glaſs wil 
converge towards ſome point as D; if then an ee 

be placed at a little diſtance behind the glaſs ſup- 

' Poſe at E, it will perceive the object confuſed, be- 

cauſe as the rays fall upon it converging, they will 

be made to meet before they arrive at the fund of 

the eye, and conſequently, will be ſcattered on the 

retina, and thereby render the a ce confuſed; 

if the eye be moved gradually backward to F, G, 

and D, or which is the ſame thing, if by carrying 

the object forward, the rays be made to fall upon 

the eye at leſs and leſs diftances from the focus, they 

will be ſcattered more and more upon the retina, be- 


cauſe 
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cauſe the convergen — fall upon the LE Or. 


eye is by ſo much 


conſequently, the ject as it is more and more re- 
moved from the will appear more and more 
confuſed ; for which reaſon, the mind which has 
been uſed to connect nearer diſtances with 

degrees of confuſion, will in this caſe, judge the ob- 
ject to approach, tho? in reality it recedes; and what 
al rms this is, that if by placing a concave 


8 „ and the 
convex, the conyergency of the rays be taken off, 
and the appearance thereby render'd diſtinct, the ob- 
ject will then appear at its due diſtance. 

If an eye be remoyed from a convex lens be- 
yond the place where the image is proj that is, 


it the eye be farther from the lens than is the point Pl. 10, 
D, = object will appear in an wy rg tion, Fig. 6. 


nd ſeem to be 


mage ar 
hewed in a former lecture, is projected : 
nyerted poſition ; 2 looking at the image with 
both eyes, it appears double, and u 2 
ther eye, the image on the contrary 
. de” which is this, the eye at 1 perceives 
the image by means of the rays ODC, and there- 
fore ſees it on the ſame ſide with C, whereas the 
Je at P perceives it by means of the rays PDB, 
and on that account ſees it on the ſame fide with B; 
$ the head is moved farther back, the diſtance be- 
een the two images muſt decreaſe and at length 
naniſh ; for ſince the interval between the eyes con- 
nyes unvaried, the rays which exhibit the image 
bo. each eye, will diverge leſs and leſs as the head is 
more and more removed from D, as 1s evident 
rom the bare inſpection of the ſcheme conſe- 
quently, the diſtance between the twa images muſt 
Y 2 continually 


greater, much the XXII. 
nearer the eye is placed — ae. WW 
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Pl. 10. 
Fig. 7. 
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continually decreaſe, and at laſt become fo {mall as 
to be inſenſible. 

As to concave glaſſes, fince it is their property 
to make the rays which flow from any point 
to diverge in ſuch a'manner as if they had iſſued 
from a point leſs diſtant, it is evident, that an ob- 


ject ſeen thro? a concave Jens, muſt appear nearer than 


it really is, and it muſt likewiſe-appear diminiſhed ; 

for the extream points'of the object' AB, are ſeen 
2 the naked eye by means of the rays AO and 
BO, which when the concave lens CD is interpoſcd, 
are made to diverge, ſo as not to meet at O, conſc- 
quently, upon the interpoſition of the glaſs, the eye 
will not perceive the extremities of the object by 
thoſe rays, but by ſome others as AK and BL, 
which falling within the former, are by the refrac- 
tive power of the glaſs, made to proceed in the 
lines KO and LO, fo as to meet at O; wheretore 
continuing OK and OL backward to the object. 
the extremities of the object will be ſeen at E and 
F, that is, the object will appear to be leſs than it 
really is; and by the ſpreading of the rays in their 
paſſage thro* the glaſs, ſome of them are made to 
eſcape the eye, which if the glaſs were removed, 
would fall upon the pupil; for which reafon, the 


object muſt appear leſs luminous; ſo that the pro- 


Luer. 


XXIII. 


perty of concave glaſſes is to make objects appear 
ſmaller, nearer, and more faint and obſcure, than 


_ do to the naked eye, 


LECTURE XXIII. 


Or CAaTOPTRICKS. 


N this lecture wherewith I ſhall cloſe this courſc, 
I ſhall explain to you the Doctrine of CaTor- 


WY TRICKS, or that part of O2zic&s which treats of the 
reflexion 


Or CATOPPRIC KSS. 
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reflexion of light; in doing of which, I ſhall firſt L EO T. 
fay ſomething concerning the cauſe of that reflexi- XXIII. 
on; Secondly, I ſhall lay down two principles; WW. 


which are the chief foundation of. Catopiricts; and 
laſtly, I ſhall lay before you the molt remarkable 
properties of plain and ſpherical mirrors. 

As to the firſt, before Sir Isa ac NEWTON os 
liſhed thoſe wonderful and ſurpriſing diſcoveries 
which he made, concerning the nature and proper- 
nes of light, it was an opinion generally received 
by the writers of Opricks, that the rays of light 
were reflected in the manner of other bodies, by 
ſtriking on the ſolid and impervious parts of bodies; 
but that great Philoſopher has ſully prov*d this opi- 
nion to be erroncous; and has ſhewn, that the par- 
ticles of light are turned back before they touch the 
reflecting body, by ſome power of the body which 
s equally diffuſed all over its ſurface; what he has 
delivered concerning this matter, is to beynet with 
in the eighth Propoſition of the ſecond Book of bis 
Opticks, wherein, after he has offered ſeveral reaſons 
to prove, that light is not reflected by ſtriking a- 
gainſt bodies, he at laſt expreſſes himſelf in the fol- 


lowing manner ; * Were the rays of light reflected 


by impinging on the ſolid parts of bodies, their re- 
* flexions trom poliſhed bodies could not be fo re- 
* gular as they are; for in poliſhing glaſs with ſand, 
* putty, or ripoly, it is not to be imagined, chat 
* thoſe ſubſtances can, by grating and fretting the 
* glaſs, bring all its leaſt particles toan accurate po- 
"liſh, ſo thar all their ſurfaces ſhall be truly plain, 
* or truly ſpherical, and look all the ſame way, ſo 
* as together to compoſe one even ſurface. The 
4 al the particles of thoſe ſubſtances are, the 
* ſmaller will be the ſcratches by which they con- 
* tinually fret and wear away the glaſs until it be 


© poliſhed, but be they never ſo ſmall, they can wear 


* away the glaſs no otherwiſe than by grating and 
14 ſcratching 
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L x c 7, * ſtitching it, and breaking the protuberances, 


XXIII. © and therefore poliſh it no otherwiſe than by bring- 
4 © ing its roughneſs to a very fine grain; fo that the 


Pl. 10. 
Fig. 8. 


<« ſcratches and frettings of the ſurface become too 
« {ſmall to be viſible. And therefore, if light were 
reflected by impinging on the ſolid parts of the 
4 plafs, it would be ſcattered as much by the moſt 
„ poliſhed glaſs, as by the rougheſt. So then it re- 


mains a Problem, how glaſs poliſhed by fretting 
* ſubſtances can reflect light fo regularly as it does; 


4 and this Problem is ſcarce otherwiſe to be ſolved, 
than by ſaying, that the reflexion of a ray is effect- 
ed, not by a ſingle point of the reflefting body, 
& but by ſome power of the Body, which is evenly 
« diffufed all over its furface, and by which it acts 
* — the ray without immediate contact.“ 
Now taking it for granted, that this repelling 
power is the true cauſe of reflexion, if it be ſup- 
poſed to act upon the rays of light in lines perpen- 
dicular te the ſurface of the reflecting body; it 
will dente follow, that the angle of incidence, or 


the angle contained between the incident ray, and a 


line drawn perpendicular to the reflecting furface at 
the poirſt of incidence, is equal to the angle of re- 
flexion, or the angle contained between the fame 
perpendicular and the reflected ray. For if we ſup- 
poſe a ray of light to move in the direction AC, 


toward the reflecting ſurface BCD ; and if we fup- 


poſe that motion to be reſolved into two, one in the 
direction AE, parallel to BD, and the other in the 
direction AB, perpendicular to BD, it is manifeſt, 
that of thoſe two motions, the latter only is oppo- 
ſed to the repelling force ; and of conſequence, the 
ray after reflexion, will go on in the parallel directi- 
on, with the fame velocity it did before ; and for- 
aſmuch as the repelling force which oppoſes the per- 
— motion, acts inceſſantly, it no ſooner de- 
troys the motion of the ray towards the body, but 
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it gives it an equal degree of motion the contrary LA © r. 
way 3 that is, it throws it back with the fame per- XXIII. 
pendicular velocity wherewith it approached. "I A 
therefore EG be taken equal to AE and from G 
be let fall GD equal * parallel to AB, EG will 
expreſs the _ —_— of the ray after reflexi- 
on, and perpendicular motion; and the 
diagonal line CG, will be actually deſcribed by the 
ray, by vertue of its compound motion; and from 
the nature of ſimilar triangles, the angle of inci- 
dence ACE, muſt be equal to ECG, the angle of 
reflexion; and this is the firſt of thoſe principles 
whereon the doctrine of Catoptricks is founded. The 
ſecond is, that every radiant point when, ſeen by:re- 
_ 8 in that place where the reflected 
2 ,drawn from the radiant 
3 * has. ecting ſurface; for inſtance, if from 1 . 
a radiant point as R, wes before the plain Þecv- pig. 8. 
lum AB, be let fall the line REM, icular | 
to the plane of the /peculum; and if Re and CD 
be ſo drawn, as that the former may denote. the indi- 
dent ray, and the latter the reflected ; and if DC pe 
continued on, till it meets the perpendicular REM; 
an eye at D will perceive the point, a8 
placed at M, the point of interfection of the reflect. 
ed ray, and the perpendicular; and thus it is in all 
caſes of reflexion, except two, wherein this prin- 
ciple ſeems to fail; one whereof relates to == 
glaſs /peculums, and the other to concave ſpherical 
mirrors; the latter has been obſerved by Tagver, 
Doctor Ba RROW, and others; but the former has 
not been mentioned by any one of the optick writers 
that I know of; I ſhall take notice of each in its 
proper place, and proceed now to conſider the chief 
properties of mirrors, and firſt, of ſuch as are plain. 
When an object is ſeen by reflexion from a plain 
ſpeculum, ch appears as far behind the ſpecu- 
lum, as the object is before; for the proof of Which 
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LE cr. let R be an object placed before the plain ſpeculum 
XXIII. 


3 &y 


Pl. 10. 
Fig. 9. 


or CATOPTRICKS. 


AB, and let it be ſeen by reflexion from the point 
C, by an eye ſituated ſomewhere in the line CD, 
then producing CD, till it meets the perpendicular 
REM, the image will, by the ſecond principle, 
appear at M ; now the angels of incidence and re- 
flexion being equal, their complements are fo too, 
that is to ſay, the angle RCE is equal to DCB or 
MCE; ſo that in the two right-angled triangles, the 
angles at C being equal, and the fide EC common 
to both, the triangles muſt be equal, and the ſide 
ME, that is, the diſtance of the image behind the 


ſpeculum, muſt be equal to RE, the diſtance of the 


object before the ſpeculum; and the fame thing is in 
like manner demonſtrable, tho' the point of reflex. 
on be taken different from C; for the reflected 


ray will conſtantly meet the perpendicular in the 
point M; whence it follows, that however the ſi- 


tuation of the eye with reſpect to the mirror may 
be changed, yet if the object and mirror remain 


unmoved, the image will always appear in the ſame 


place; it likewiſe follows, that there cannot appear 
more than one image of one and the ſame object; 
but then this is to be underſtood with reſpect to ſuch 
mirrors, as being opaque, have but one reflecting 
ſurface; for in looking:glaſſcs, which by reaſon of 
their tranſparency, have a double reflexion in ſom 
certain poſitions of the eye and object, ſever 
images may be ſeen, Thus if AB be a looking. 
glaſs, R the flame of a candle, placed at a fmal! 


- diſtance before AH, the plane of the glaſs produced, 


an eye being placed at Q ſhall fee ſeveral images 
ſtanding at ſmall diſtances one beyond another, in 
the ſame poſition with the letters C, D, E, F., 
whereof the firſt and ſecond appear bright and lu- 
minous, and the reſt but faint and obſcure ; for the 
ſeveral images taken in their order from the ſecond, 
grow more and more dark and obſcure, till at length 
; they 
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they become too weak and feeble 0 an the ſight, LE r. 
| XXIII. 


and of conſequence vaniſh. 
In order to account for this cnaliipliciry of! 


eſt ſurface, or that which lies next the eye is AB, 
and its farther or ſilvered ſurfacè is DC, R the 
place of the candle, and Q the place of the eye, 
RS a line drawn from the candle perpendicular to 
AO and D the two ſurfaces of the glaſs produced: 
the angle REA being made equal to QEB, and 
the line QE being produced till ĩt cuts the perpen- 
dicular RS in T, the eye ſhall fee the firſt image at 
T, by means of the reflexion from the outward 
ſurface AB, the ray RE being reflected to the eye 
from the point E. Let a ſecond ray as RG, pals 
into the glaſs at G, and being refracted to the point 
H of the farther furkace, let it thence be reflected to 
K, and there paſſing out of the glaſs, let it by re- 
fraction be carried to the eye; let then Q be pro- 
duced, and the eye ſhall ſee a ſecond image ſituated 
in that line, and that at a little diſtance beyond the 
perpendicular RS; tor if the rays ſuffered no re- 
fraction in paſſing in and out of the glaſs, the ſe- 
cond image would not be ſeen by means of the 
ray RG, but by means of the ray RH, which paſ- 
ling directly — R to H, is thence reflected di- 
rectly to Q, and being produced till 1t cuts the per- 
pendicular in X, would exhibit the ſecond image at 
X; but foraſmuch as the place of the image is 
changed by the refraction, and brought nearer to the 
glaſs, if we ſuppoſe the line QM to be moved upward 
about the point Q. till it coincides with the line 

V, in which the tccond image really appears, the 
point X muſt neceſſarily fall beyond the perpendi- 
cular, and ſo of conſequence, muſt the place of the 
image. Let now a third ray as RF, pals into the 
glaſs at F, and be retracted to L, and from thence, 
let it be reflected to E, and from E to M, and from 
M to N, where let it go out, and be refracted hr 
tne 


- 


mages, let ABCD be a looking*glafs, whoſe near- 3 
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Le r. the eye at Q; then producing QN © W,. 2 third 
- XXII. image der pony in that line fomewhere beyond 


de perpendicular: for were there no refraction, the 
ray which after three reflexions exhibits the third 


image, would when produced, cut the perpendici- 
lar in the point 8; and therefore, ſince the line QS 


s raiſed up 4% the refraction, and made to coincide 


image is ſeen by 
ſo is a fourth, by bve reflexions, a filth b 


ſixth by nine, and ſo on, according to the 
of the odd numbers, every ſucceeding 


preceding; and this is the true reaſon, why, ſetting 
ade the firſt and ſecond, which being Gen each by 


| 
| 


4 n 


rere 


1 


Or CATOP TRICKS. 348 
A). n Nah Lier. 

208 Ai 26 : 43 VU: vm . 
KED 17 2 HANS 


45D—X=- —1 7 2.708 ee 
21 42 mie U 
H-j-=2D-FE - 
ht p | i I »- 
2D—- X 
R | \& 
| 81 
: 8 
Ve! 3 > 4a) y 
| | — "> 
FIC — OI OE CY ranch — . 1 a6. AM! Ht 
A — — 
Woti N m 
I = :- 1 
1 Y INT 2280 
2 297 i 
1 anne —— WY FW a * 1 . - + 1 
— . — 
4 7 21 10 1 | P [1 
D—-X= ah A Fa, Wt OY. 
* ; 


5D—X= -P 


If two plane ſpeculums as AB and CD, be ſet pa- 
rallel to one another, and an object be placed any 
where between them as at E, the rays of light 
which iſſue from the object and fall upon each fpecu- 
lum, will be reflected backward forward from 
one to the other a great number of times; by which 
means, there will appear in each fpecn/um, a great 
number of images ſituated one behind another, in 
a right line perpendicular to the ſpeculums, and paſ- 
ling thro? the object at E; in order — 

e 
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Lo 4. the diſtances of the ſeveral images from the /pecu- 
XXIII. lame, let EY, the diſtance of the object from the 
Apes ſpeculum AB, be denoted by X, and let ZV, the 


interval of the glaſſes be denoted by, D; and let us 
firſt conſider the reflexion which begins from the 
ſpeculum AB; if YF be taken equal to X, then F 
will be the place of the firſt image ; and foraſmuch 
as the image at F may be looked upon as an obje& 
placed before the ſpeculum CD, if ZM be taken 
equal to FZ, that is, to DX, there will appear 
an 1mage at M; which being conſidered as an ob- 
ject with retpeRt to the other ſpeculum AB, and 
XH being taken equal to MY, or 2D ＋X, another 
image will be ſeen at k H; and for the fame reaſon, 


if ZO be taken equal to HZ, or 3D+X, there 


will another image appear at G, and ſo on; again, 


if we conſider the reflexion which begins from the 
ſpeculum OD, by taking ZL equal-to EZ, or DX, 
we ſhall have L for — place of an image in the 
ſpeculum CD ; and by making YG equal to LY, 
or 2D—X, we ſhall have the place of another 
image in the ſpeculum AB; and again, by taking 
ZN equal to GE, or 3D—X we, ſhall have the 
place of another image in the ſpeculum CD, and to 
on. From this manner of determining the places 
of ſeveral images, it is evident, that if D, whuch 
ſtands for the diſtance of the glaſſes, be multiplicd 
into each of the even numbers taken in their order, 
and if X, which denotes the diſtance of the object 
from AB, be ſubducted from each product, and 
likewiſe added 9 each, the differences, and the 
ſurns taken in their order, will expreſs the diſtances 
of the ſeveral images from the ſpeculum AB, the 
tance of the firſt being X; that is to ſay, the 
pes of the ſecond image will be 2D—X, of the 
| 2D+X, of the fourth 4D—X,, of the fifth 
. and ſo on, according to the firſt Table. 
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| | LEO 
Air XXIII. 
Diſtances of the ſeveral images from the ſpeculum WWW 


X 
2D—-X 
2D+X 
4D— X 
4D+X | | 
6D— X — 
6D+X 
8D—X 
&c. 


If D be multiplied into each of the odd numbers 
taken in their order, and if X be deducted from 
each product, and likewiſe added to each as before, 
the differences and the ſums taken in their order, 
will expreſs the diſtances of the ſeveral images from 
the ſpeculum CD, as in the ſecond Table. 


TABL A II. 
The diſtances of the ſeveral images from the ſpeculum 
| CD. v7 
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he If by movmg the object nearer to AB, X be- 
ne comes lefs, then all thoſe images whoſe diſtances 
are expreſſed by thoſe ſymbols wherein X 1s af- 
firmative, will come nearer to the ſpeculums, whilft 
thoſe whoſe diftances are expreſſed by ſymbols 

wherein 


| 
| 
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Lie r. wherein X is negative, move farther off; thus in 
XXIII. che /peculum AB, the firſt, third, fifth, ſeventh, 
Wy w and fo on, will approach, and the ſecond; fourth; 


Fig. 
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ſixth, eighth, and ſo on will recede; ſo that the fe. 
veral images, beginning from the firſt, will approach 
and recede alternately z and ſo on the other hand, 
thoſe in the ſpeculum CD, will recede and approach 
alternately, beginning from the firſt ; hence, if a 
man puts his hand between the two ſpeculums, and 
Moves his palm towards one of them, a perſon 
looking into the other, ſhall ſee ſeveral pairs of 
hands, palm to palm approaching each other. 

If two plane fpeculums as AC and BC, be in- 
clined to one another, ſo as to meet in an acute 
angle at C; and if an object be placed any where 
between them, ſuppoſe at F, an eye looking into 


either, ſhall ſee ſeveral images ſtanding in the cir- 


cumference of a circle, whoſe center is at C the con- 
courſe of the /peculums, and its radius equal to CF 
the diſtance of the Object from the concourſe ; for 
if from F be drawn FD perpendicular to the pecu- 
lum CA, and KD be made equal to FK, D will 
be the place of an image in the ſpeculum CA; and 
if from D be drawn DE perpendicular to the pe- 
culum CB, and produced till HE is equal to DH, 
E will be the place of an image in the ſpeculum CB, 
and thus by drawing perpendiculars continually from 
the place laſt found to the oppoſite ſpeculum may the 


places of all the images be found which are ſeen by 


means of thoſe reflexions, the firſt whereof is made 
from the /peculum CA; and in the fame manner, 
by drawing the perpendiculars FG, GL, and ſo on, 


may the places of all thoſe images be found which 


are ſeen by means of the reflexions whercof the firſt 
is made from the ſpeculum CB. Now that the 
ints D and E are in the circumference of the 


circle whoſe radius is CF, I thus prove, in the tri- 


angles CFK and CDK, the ſides FK and D are 


equal by the conſtruction, and CK is common 1 
both, 


t. 
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both, and the angles at K are right ones, where- Ls c T. 

1. fore the two triangles are equal and of conſequence XXIII. 

Ic is equal to CF; again, the triangle CDH is www 
qual to the triangle CEH, the fides DH and EH T 

h being by conſtruction equal, as are allo thte angles 

, H, wherefore CE is equal to CD, which is equal 

ho CF, conſequently, a circle deſcribed on the cen- 
a 

d 


. oh 


ter C, with the radius CF, will paſs thro? the points | 
4 BD and E; and by the fame way of reaſoning it 
vill be found. to paſs thro G and L, and thro? the, 
f MY extremities of all the other perpendiculars; and 
therefore the ſeveral images muſt of neceſſity appear 
in the circumference of a circle whoſe center is at 
the concourſe of the ſpeculums, and whoſe radius is 
equal to the diſtance of the object from that con- 
courſe. From what it has been faid it follows, that 
if the diſtance of the object from the concourſe of 
the ſpeculums be given, the images will {till appear 
in the circumference of the ſame circle, notwith- 
ſtanding any alteration that may be made in the 
angle whereat the ſpeculums meet; if that be inlarged, 
the images will be fewer in number, and at greater 
diſtances from one another; and on the other hand, 
if it be made leſs, the images will be more in num-" 
ber, and ſtand cloſer together, but the circle in 
whoſe circumference they appear, will be the fame 
n i" both caſes; for that is not to be leſſened or in- 
e WW arged otherwiſe, than by leſſening or inlarging the 
diſtance of the object from the concourle of the /pe- 
ſe Wl lums. 
r, Having laid before you the chief properties of 
, Plain ſpeculums, I come now to conſider ſuch fpecu- 
h ums as are ſpherical ; and they are of two forts, 
ſtooncave and convex, concernihg which it muſt be 
je I obſerved, that as all the rays which fall upon them 
e from a radiating point, are reflected in ſuch man- 
j- I} <7 as to meet the perpendicular very nearly in one 
re and the fame point; in order to find out the focus, 
0 2 or 
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LE o r. or the place where the reflected ray crofs one another 
XXIII. nothing more is neceſſary, but to determine the 
point wherein any one re reflected ray meets the per- 
pendicular; which may be done In the following 
- 10. manner; let A be a radiating point, expoſed di- 
* 13. rely before the concave glaſs FG, whoſe center is 
C, AB a perpendicular from the radiating E to 
- the ſpeculum, which likewiſe denotes the diſtance of 
the radiating point from the ſpeculum, AD a ray 
falling on the ſpeculwn at D, whoſe diſtance from 

B is indifinitely ſmall, DE the reflected ray meet- 
ing the perpendicular i in E, CD a radius drawn to 

the point of incidence, and of conſequence biſſect. 
ing the angle ADE in the triangle ADE; ſince the 
angle at D is biſſected by the line DC, Which cuts 

the oppoſite ſide, AD is to DE, as AC to CE ; 
but foraſmuch as the points D and B are ſuppoſed 
to be indefinitely near, AD is equal to AB, and 
ED is equal to EB, wherefore AB is to EB, as AC 
is to CE; that is, the diſtance of the radiating 
point from the ſpeculum, is to the diſtance of the 

point E, where the reflected ray cuts the perpendi 

cular, commonly called the point of inter ſection, a; 

the diſtance of the radiating point, leſſened by th: 
radius, is to the radius, leſſened by the diftance of 
the point of interſection; that is, putting D for 

the diſtance of the radiating point F for the dil- 
tance of the pom of interfection and R for the 
radius, D: F:: DR: R—F; conſequently, 
reducing this analogy into an equation, and clear- 


ing F, F will be found equal to PR that is, 


the diſtance of the point af interſection from the 
Kar um, and conſequently, the diſtance of an image 
ormed by reflexion from a concave fpeculum, is 
equal to a rectangle under the diftance of the object 
from the ſpeculum, and the radius, divided by twice 


the diſtance of the object leſſened by the radius. 
Hence 
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Hence it follows, that if an object be placed before L x e T. 
a concave ſpeculum, at an infinite diſtance, that is, XXIII. 
if the diſtance be ſo great as that the radius of the: 


ſpeculum bears no ſenſible proportion to it, the i 

will appear on the fame ſide of the ſpeculum with 
the object, at the diſtance of one half of the radius from 
the ſpeculum; for in this caſe, D being infinite, 
2D—R becomes equal to 2D, and of conſequence, 
F is equal to R divided by 2 fo that one half the 
radius is the leaſt diſtance at which an image can be 
projected from a concave ſpeculum on the tame ſide 
with the object; and foraſmuch as the ſun's image, 
which, by reaſon of the immenſe diſtance of his 
body, 1s formed at the diſtance of half the radius 
from the ſpeculum, is there apt to burn, that place 
is uſually called the focus or burning point. 

As the object approaches the fpeculum, the image 
recedes ; for as in one and the fame /peculur, the 
radius is a ſtanding quantity, it is manifeſt, that as 
1 the proportion of DR to 2D R mult in- 

e, conſequently, F, or the diſtance of the 
image from the ſpeculum muſt do ſo too; and when 
the object has approached ſo near the ſpeculum as to 
be at the center, the image will have receded fo far 
as to be there likewiſe; for in this caſe; D being 
equal to R, 2D—R is equal to R, and of conle- 
quence, F is equal to D; ſo that the olgect and its 
image meets at the center of the ſpeculum; upon the 
object's paſſing from the center towards the glaſs, 
the image is projected beyond the center, ard when 
the object has approached fo near the fpeculum, as 
to be diſtant from it but half the radius, the image 
is at an infinite diſtance; for in this caſe, D being 
equal to half the radius, 2D R is nothing, conſe- 
quently, F, that is the diſtance of che image, 3s 
infinite; or to ſpeak more properly, the rays after 
reflexion proceed parallel; for which reaſon, if the 
flame of a candle be placed directly before a con- 

3 cave 


348 Or CATOPT RIC ES. 
L x cT. cave ſpeculum, at the diſtance of half the radius, | 
XXIII. the ſpeculum will ſeem to be in flames, and the re- | 
Yo flected light will be fo intenſe, as that by the help of 
it one may be able to read at a very conſiderable dif- I , 
| tance from the ſpeculum. Taquer aſſerts, that he a 
has read at a diſtance of no leſs than 400 feet; and 0 
to ſay the truth, the diſtance would be without li- 
mits, were it not for the atmoſphere, whoſe par- 
ticles continually intercept the rays, and by ſo do- 
ing, at length totally extinguiſh the light. It ſome- 
times happens, that when the flame of a candle is 
placed in the focus of a concave ſpeculum, its image 
8 is projected on a diſtant wall, which ſeems to in- 
validate the truth of what I juſt now proved con- 
cerning the paralleliſm of the rays after reflexion, 
but this is occaſioned by the flame*s being too large 
to be contained totally within the focus, for were it 
ſo ſmall as to lie wholly within the focus, it would 
not project an image, but the rays after reflexion, 
would form a cylindrical body of light, which 
when projected on a diſtant wall, would have a cir- 
cular figure, of an equal circumference with the 
eculum. | 

When the diſtance of the object from the /pecu- 
lum is leſs than half the radius, the image eppears 
behind the ſpeculum; for in this caſe, 2D—R is a 
negative quantity, and of conſequence, ſo is F, 
which ſhews, that the diſtance of the image which 
is denoted by F, muſt be taken on the other ſide of 
| the ſpeculum, with reſpect to the object; as the ob- 
| Je& moves nearer to the ſpeculum before, fo likewiſe 
3 does the image behind; and when the object is ſo 
| near as to touch the ſpeculum, the image does the 
ſame; for in this caſe, D being nothing, F, that is, 
the diſtance of the image from the ſpeculum is like- 

wiſe nothing. | 
As to the poſition of the images which are ſeen 
by reflexion from a concave ſpeculum, thoſe which 
appear 


' 
[ 
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appear on the ſame ſide of the ſpeculum with the LE cr. 
object muſt be inverted, and thoſe which appear XXIII. 
behind the /peculum muſt be erect. For the proof WWW 


of which, let AB be an object placed before the Fl. 10. 


concave ſpeculum FG, at any diſtance beyond the 
center C, in which caſe the i image will be ſeen be- 
tween the center and the ſpeculum, ſuppoſe at DE; 
from A and B, the extream points of the object, 
let the lines AH and BI be drawn perpendicular to 
the ſpeculum, and of conſequence croſſing one ano- 
ther at the center; this being done, ſince the image 
is ſuppoſed to be at DE, and ſince every point of 
an image 1s ſeen in the perpendicular drawn from 
the correſponding point in the object, it is manifeſt, 
that D, the loweſt point of the image, will corre- 
ſpond to A, the higheſt point of the object, and E, 
he higheſt point — the image, will correſpond tg 
B, the loweſt point of the object, that is, the 
image will appear inverted. And by the fame 
way of reaſoning, if DE be the Ax ſituated 
at fuch a diſtance between the /peculum and the 
center, as to have its image projected beyond 
the center at AB, the image muſt appear in- 
verted, On the other hand where an object 
as DE, is placed between the /peculum and 
the center, and conſequently, projects an image 
behind the ſpeculum; for it muſt be obſerved, 
that the ſame object DE, which when ſitua- 
ted between the center and the ſpeculum, at a leſs 
diſtance from the center than half the radius, pro- 
jects an image as AB beyond the center, does like- 
wiſe project another image as HI, behind the /pe- 
culum; and as the former image is viſible to an eye 
placed beyond it, ſo the latter image is viſible to 
an eye placed between the object and the ſpeculum, 
and it muſt appear erect, inaſmuch as the perpendi- 


cular CH, which paſſes 'thro' D the higheſt _ 
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LE T. of the object, does likewiſe paſs thro? H, the high- 
XXIII. eſt point of the image. 


As to the magn 


Pl. 10. 


Fig. 13. 


itudes of an object ey its image, 
they are to one another in the ſame proportion with 
the ſquares of their diſtances from the ſpeculum; for 


if the line LCM be drawn thro* the center C, per- 


pendicular to BA, DE, and HI, and conſequently, 
biſfecting the angle at C, if BA be the length or 
breadth of an object, and DE the length or breadth 
of its image projected on this ſide the ſpeculum, then 
LA and OD will be half the length or breadth of 
the and its image, and the triangle CLA 
being ſimiliar to COD, LA is to OD, and conſe- 
quently BA to ED, as LC to OC, that 1s, the 
length or breadth of the object, is to the length or 
breadth of its image, as the diſtance of the object 
from the center of the fpecu/um, to the diſtance of 
its image from the fame center; but it has been 
„that as AC, the diſtance of the object 
the center, is to EC, the diſtance of the image 
from the center, ſo is AB, the diſtance of the ob- 
ect from the ſpeculum, to EB, the diſtance of the 
image from the ſpeculum ; conſequently, the length 
or breadth of an object, is to the length or breadth 
of its image, as the diſtance of the object from the 
peculum, to the diſtance of the image from the 
Heculum; and foraſmuch as ſimilar ſurfaces are to 


one another, as the _ of their homologous 


ſides, the magnitude the object, is to the .mag- 
nitude of the image, as the — of the objet's 
diſtance from the gary; to the ſquare of the 

is diſtance. And by the ſame method of ar. 
* guing, if DE be an object, whoſe image behind 
the ſpeculum is HI, the magnitude of the former, 
will be found to be to the magnitude of the latter, 
as the ſquare of KO, to the ſquare of KM. Hence 
it follows, that the object during its continuance be- 
yond the center, muſt appear larger than its ur 
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as being more diſtant from the ſpeculum, and when LR c T. 
it is in the center, where it meets the image, it XXIII. 
muſt appear equal to it, but being on the ſame ſide . | 
of the center with the ſbeculum, it muſt be leſs than | 
its image, which in that caſe lies beyond the center, i 
and conſequently, is at a greater. diſtance from the 
peculum. a 

It likewiſe follows, that the image which appears 
behind the ſpeculum is ever larger than the object; 
tor ſince MK, the diftance of the image behind the Pl. 10. 
ſpeculum, is to OK, the diſtance of the object be- Fig. 14. 
ſore the ſpeculum, as MC, the diſtance of the i 
from the center, to OC, the diſtance of the 
ect from the center; and ſince in this caſe, the ob- 
ject is always leſs diſtant from the center than its 
image, during the appearance of the image behind 
the /peculum, it is evident, that the image muſt ap- 
pear larger than the object; but then this is to be 
underſtood with reſpect to ſuch images only, as are 
projected by objects leſs diſtant than the center; for 
if an object be beyond the center, an eye being cloſe 
to the /peculum, ſhall ſee the image at the fame diſ- 
tance, and of an equal magnitude with the object; 
and in this caſe, the ſeveral parts of the image do 
not appear in thoſe points where the perpendiculars 
from the correſponding points of the object meet 
with the reflected rays; the reaſon of all which 
ſeems to be this, the portion of the ſpeculum which 
the eye makes uſe of in this caſe, is ſo exceedingly 
mall, that notwithſtanding the ſpherical figure of 
the ſpeculum, it may be looked upon as plane, and 
conſequently, the appearances muſt be the ſame as 
in other plain ſpeculums; that is, the image muſt 
appear as far behind the /peculum as the object is be- 
fore it, and of the ſame magnitude with the ob- 
ject, 

If an image formed on this ſide a concave /p2cu- 
lum be looked at with both eyes, it will appear 
double, provided the diſtance of the eyes from the 

image 


3.52 


— 
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Le c r. image be but ſmall, and upon ſhutting either eye, 
XXIII. the contrary image will diſappear ; for ſince the re- 
fected rays which form the ſeveral points of an 


Pl. 10. 
Fig. 15. 


moved from the 1 image, and at certain diſtances of 


image meet and croſs one another at the image, 
thoſe which enter the right eye, muſt be reflected 


from the left ſide of the ſpeculum, and thoſe which 


fall upon the left eye, muſt be reflected from the 
right ſide of the ſpeculum, and of conſequence, one 
and the fame point of the image muſt appear to the 
right eye, as ſituated before the left ſide of the /pe- 
culum, and to the left eye, as ſituated before the 
right ſide of the ſpeculum; that is, it muſt appear 


double, and the right or left image muſt vaniſh up- 


on cloſing the contrary eye. Thus, if the point C 
of the image AB, be looked at with both eyes, 
one whereof 1s at ©, and the other at Q, the cye 
at O ſhall fee it by means of the rays ON, which 
are reflected from N, and of conſequence, ſhall ſe 
it as placed before N. but the eye at Q ſeeing it by 
means of the rays QM, which proceed from M, 
ſhall fee it as ſituated before M, for which reaſon, 
the point C will appear double; and what has been 
thus ſhewn with reſpect to the point C, may in the 
fame manner be ſhewn, with regard to all the other 
points in the image, and therefore the whole image 
muſt appear double, as the eyes are more and more 
removed from the images, they approach nearer 
together, and- at length coincide ; the reaſon of 


which is plain, from the bare inſpection of the fi- 


gure; for ſince the interval of the eyes continues 


the ſame, it is evident, that when they are farther 
removed from the image, the rays whereby they ſec 
the point C muſt be reflected from parts of the 


ſpeculum leſs diſtant from one another than M and 


N, and the diſtance of the parts of the /peculun 
which reflect the rays to each eye, muſt con- 
tinually leſſen as the eyes are more and more re- 


tho 
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the eyes, muſt become ſo ſmall as not to be ſenſi- LEO. 
ble. And thus much concerning ſuch ſpherical pe- XXIII. 
culums as are concave; as to convex ſpeculums, Wa 
in order to determine the places of images 
formed by reflexion from them, let A be a ra- Pl. 10. 
diating point, expoſed directly before the con- Fig. 16. 
vex ſpeculum HK, whoſe center is C, AB a per- 
pendicular from the radiating point to the ſpeculum, 
which likewiſe denotes the diſtance of the radiating 
point from the ſpeculum, AD a ray falling on the 

eculum at D, whoſe diſtance from B is indefinitely 
ſmall, DE the reflected ray meeting the perpendi- 
cular in E, CD a radius drawn to the point of in- 
cidence, and of conſequence biſſecting the angle 
FDE; let the angle FCD be made equal to ECD, 
and let CF be continued till it meets AD produced; 
this being done, it is evident, that the angle at C 
in the triangle ACF, is biſſected by the line CD, 
which cuts the oppoſite ſide, conſequently, AC is to 
FC, as AD to DF; but foraſmuch as D and B are 
ſuppoſed to be indefinitely near, AD is equal to 
AB, and DE to BE; and becauſe the triangles 
CFD and CED are equal, DF is equal to DE, 4; 
and FC is equal to CE; wherefore, AB is to BE, 
as AC to CE; that is, the diſtance of the radiating 
point from the ſpeculum, is to the diſtance of the 
point E where the reflected rays cuts the perpendi- 
cular, which is called the point of inter ſection, as the 
ſum of the diſtance of the radiating point and the 
radius, to the radius leſſened by the diſtance of the 
point of interſection; that is, putting D for the 
diſtance of the radiating point, F for the diſtance 
of the point of interſection, and R for the radius as 
before, D: F:: DER: R- F; conſequently, 
reducing this analogy into an equation, and clearing 

8 DR ; 
F, F will be found equal to PAR that is, the 
diſtance of the point of interſection behind the 
| ſpeculum, 
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culum, and conſequently the diſtance of an image 


XXIII. behind the peculum, is equal to a rectangle under 
WW the diftance of the object from the ſpeculum and 


the radius, divided by the ſum of twice the diſtance 
of the object added to the radius. Hence it follows, 


that if an object be placed fo near a convex ſpeculum 


as to touch it, its image will do ſo too; for in this 


cafe, D being nothing, F is likewiſe nothing; as 
the object recedes from the ſpeculum, the image goes 


off behind; and when the object is removed to an 
infinite diſtance, the image appears behind in the 
midway between the ſpeculum and its center; for in 
this caſe, D being infinite, 2D ＋ER becomes 2D, 


and of conſequence, F is equal o ſo that ob- 


jects ſeen by reflexion from convex f pherical ſpecu- 
lums, appear conſtantly behind the ſpeculum, within 


the limits of half the radius; and foraſmuch as the 


images conſtantly appear on the ſame ſide of the 
center with the objects, they muſt be lefs than the 
objects; for if we fuppoſe HI to be an object placed 
before the convex ſpeculum FG, and projecting its 
image at DE, it is manifeſt, that the image ſub- 
tends the ſame angle at a ſmaller diſtance, than the 
object does at a larger diſtance, and conſequently, 
muſt be leſs ; and the diſproportion between the 
object and its image, muſt increaſe as the object 
recedes, and decreaſe, as it approaches, becauſe, as 
the object recedes from the center, the image ap- 
proaches, and as that approaches, the image re- 
cedes; but as the image can never be more diſtant 
from the center than the object, it can in no caſc 
appear larger. The proportions which the magni- 
tudes of the object and its image bear one to ano- 
ther, is the ſame with the ſquares of their diſtances 
from the ſpeculum, as in the caſe of concave /pecu- 
{ums ; the proof of which being exactly the _ 

| wit 
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with that made uſe of in the caſe of concaves, ILE TJ. 


ſhall not here repeat it. 3 XXIII. 
As to the poſition of ſuch images as are ſeen by WWW 

reflexion from convex ſpherical fpeculums, they muſt 

always appear erect; for as they ever appear on 

the ſame ſide of the center with the objects, the 
rpendiculars which are drawn from the upper- 

moſt parts of the objects, muſt paſs thro* the up- 

permoſt part of the images, and thoſe from the 

lower parts of the objects, muſt likewiſe paſs thro? 

the lower parts of the images; thus, the perpendi- Pl. 10. 

cular HC, which comes from H, the higheſt point Fig. 14- 

in the object, paſſes thro? D, the higheſt point of 

the image, and IC, which comes from I, the low. 

eſt point of the object, paſſes thra* E, the loweft 

point of the image; and fo it is with regard to the 

perpendiculars which come from the intermediate 

points; fo that the ſeveral parts of the image have 

the fame ſituation with the correſponding parts of 

the object, and of conſequence the image appears 

erect, 


* 
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Or THE COLLISION OF NON-F LASTICK 
f AND ELASTICK BODIES. 


PROBLEM 1 


F two alen be either intirely void of elaſticity or 
perfectiy elaſtick, and one ftrike the other direttly ; 

if A and B denote the quantities of matter or weights 
of. the two bodies, a and b their velocities before the 
role; and if A be the fwifter body when the bodies 
move the ſame way, the body which has the preater 
motion when they move contrary ways, and the moving 
body when. one of them is at reſt before the flroke to de- 
termine the ratio of the bodies when their velocities be- 


fore the ſtroke are given, or the ratio of their velo- 


cities before the ſtroke when the bodies are given; that is, 


to determine = abe a and b are given, or when 


A and B are given; ſo as that the motion of A before 
the ſtroke, ſhall be to its motion after the ſtroke, in the 
given ratio of m 0 1 


Jo give a ſolution of this Problem, it is neceſſary 
to know the motions of A beforeand after the ſtroke, 
both when the bodies are intirely void of elaſticity, 
and when they are perfectly elaſtick ; and likewiſe 
to know the motion of A after the ſtroke, when 
the bodies move the ſame way, when they move 
contrary ways, and when B is at reſt before the 
ſtroke. The motion of A before the ſtroke, is Aa 
in all cafes. And from what has been deliver'd by 
our Author, when the bodies are intirely void ol 


elaſticity, the motion of A after the ſtroke, 1s 
A Aa- 


Non: elaſtickx and Elaſtick Bodies. 


rg den before the ſtroke the bodies move 


AAa—ABb a 
AB when they move diffe- 
AAa 
rent ways before the ſtroke, and AFB when be- 
fore the ſtroke B is quieſcent. And when the bo- 
dies are perfectly elaſtick, the motions of A after 
the ſtroke, when before the ſtroke the bodies moye 
the ſame way, contrary ways, and B is quieſcent, are 
2ABb+AAa—ABa AAa—ABa—2ABb q 

"ATE: AB 7M 


D Hence, this Problem contains ſix 


Caſes, three when the bodies are intirely void of 
elaſticity, and three when they are perfectly elaſtick, 


which Caſes are thus ſolved. 


When the bodies are intirely void of elaſticity. 


Case I. If the bodies move, the ſame way, 


AAa+ABb | 
Aa will be to ITE „as m to 1; whence we 


—mb, 3 mB 
have Ps 6 b "A+B—mA' 


Cas E II. If the bodies move contrary ways, 


: AAa—ABb 
Aa will be to IIB. 


* A mb Ta d 2 
"in 5 


a—a' 
CAsE III. If B be at reſt before the ſtroke, 


IH AAa 
then will Aa be tog as m to 1; whence we 


„ as m to 1; whence we 


have 


357 


O the Colliſion of 
have == —. In this caſe b 1s nothing, and 


Ih 1 


conſequently i is infinite. 


When the bodies are perfeftly elaftick. 


Cas IV. If the bodies move the fame way, 
Aa will be 2ABb+AAa—ABa 

xt atone: AFB 

whence we have —. r and == 
B ma —a b 


as m tO 1; 


2mB 


mB+AFB<=mA 


Cask V. If the bodies move contrary ways, 


AAa—ABa—2ABb 


whence we have A — —— 
B ma — a 


= Mi TH 


md. = 


: 2mB » 
mA—A—B-mB 
Cask VI. If B be at reſt before the ſtroke 


— . as m to 1; whence we 
P . 


have f =. In this caſe b is nothing, and 


conſequently 5 is infinite. 


Exam. I. If the bodies be entirely void of 
elaſticity, and move the ſame way, A with a velc- 
ciry of 7, and B with a velocity of 3; and A loſe 
half its motion by the {troke, or, ,n amounts 


to the ſame, if the motion of A b<iore the u 


. 


Non-elaſtick and Elaſtick Bodies. 
be to its motion after, as 2 to 1. In this caſe, a, 


2a 
b, m, are 7, 3, 2; and , which is equal to D 


by Caſe 1, will be equal to ; fo that A and B will 
be as 1 and 7. Here Aa, the motion of A before 


the ſtroke, is 7, ind its motion after 


the ſtroke, is 343 but 7 is to 32, as 2 to 1. 
Exam. II. If the bodies be entirely void of 
elaſticity, and move the ſame way, if A and B be 
as 1 and 4, and the motion of A before the ſtroke 
be to its motion after, as 3 to 1, in which caſe m 


will be 35 then b uhich is equal to NB 


Ar B-mA 
by Caſe 1, will be equal +, fo that a and b will 
be as 6 and 1. Here Aa, the motion of A be- 


AAa+ABb . i 
fore the ſtroke, is 6; and - 3 its motion 


after the ſtroke by Caſe 1, is 23 but 6 is to 2, as 3 
to 1. 

Exam. III. If B be at reſt before the ſtroke, 
and the motion of A before the ſtroke, be to its 
motion after, as 10 to 1, in which caſe m will be 


10; then will © be 3, or A and B will beas x 


and 9. If the velocity of A before the ſtroke be 
expreſſed by 1, that is, if a be 1, then will Aa be 1, 
5 AAa 


A+B 

It is to be obſerved, that A can never communi- 
cate all its motion to B, except when it is infinitely 
greater than B, in which caſe B will become no- 
thing. For if A communicate all its motion to B, 
m will be 1; and, which 1s as —, will be as 
+3 but + is infinite; and therefore A muſt be infi- 
nitely 


be ; but 1 is to 2, as 10 to 1. 


„ c e which is as 
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nitely 


ſtroke, 


Exam. IV. If the bodies be perfectly elaſtick, 


and move the ſame way with velocities which are as 
3 and 2; and if the motion of A before the ſtroke 
be to its motion after, as 2 to 1; then will a, b, m, 


A mara 2mb 
be 3, 2, 2; and B which 1s as 5 by 


Caſe 4, will be 2; ſo that A and B will be as 1 and 
3. Here Aa, the motion of A before the ſtroke, 


3 2ABbFAAa—ABa a. 
is 3; and is motion after the 
ſtroke, is 2; but 3 is to 2, as 2 to 1. 

Ex AM. V. If the bodies be perfectly elaſtick, 


and move the fame way, if A and B be as 4 and 3, 


and the motion of A before the ſtroke be to its mo- 

tion after, as 3 to 1; then will A, B, m, be 4, 5, 3; 
8 2wN1B 
r 1 

ng „ mB+A+B—mA 57 ORs 

will be 5, thata and b will beas 5 and 2. Here, 

Aa, the motion of A before the ſtroke is 20; and 

A _ the motion of A after, is *2; 


but 20 is , as 3 to 1. | 
 'Exam. VI. If A and B be perfectly elaſtick, 


and B be at reſt before the ſtroke, if A move with 
a velocity of 4, and its motion before the ſtroke be 
to its motion after, as 3 to 13 art will a, b, m, 
m1 

5 3 by Caſe 6, 
will 2 = &; fo that A and B will be 2 and 1. 
Here, Aa the motion of A before the ſtroke, is 8; 

, AAa—ABa . 


and — —, its motion after the ſtroke, is 5 3 


AB 
but 8 is to 3, as 3 to 1, 
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greater than B, to loſe all its motion by the 


N cncelaftiole and Elaſtick Bodies. 


SCHOLIUM 


if it ber required to know the motion he after 
the ſtroke in the ſix Caſes before mentioned, that 


motion may be had, from what our Author has de- 
livered; when the weights of the Bodies, and their 
velocities before the ſtroke are given. 

If the bodies, be entirely void of elaſticity ;. 
the motion of B after the ſtroke, when before 


the ſtroke; the bodies move the ſame way, 
when they move contrary ways, or when B 


BAa+BBb BAa—BBb BAA 


is quieſcent; is Fr 4 
And if the Bodies be perfectly elaſtick; the mo- 


tions of B after the ſtroke, when before the ſtroke 


the bodies move the ſame way, when they move 
contrary ways, or when B is quieſcent, is 
2:BAa+BBb—BAb 209 TBA. BA 


A+B i AFB AB 


| Pros. II. If two bodies A and B, be given and 

be perfectly elaſtick, if A be the leſſer body, — B be 
* Wi reft before the firoke ; it is required to find an in- 

termediate body of ſuch a weight or quantity of matter, 
, WI hich I ſhall denote. by x, as that, A ſtriking x at 
ne, and x with the motion acquired by the ſtroke 
0 friking B at reſt, the motion produced in B ſhall be 
greater than can be produced by an intermediate body 
of any other weight, or, in other words, that the motion 
in B ſhall be a maximum. 


The motion of x after it is ſtruck by A, is 
2 Aax 


Bi WD, and the motion of B after it is ſtruck by x 
I ABax 
MAB b Scbol. Prob. 1. 
1 A a But 
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Bur by ſuppoſition the motion of Bis a maximum, 
and conſequently i its fluxion is nothing. The fluxi- 


4A Bax 
on therefore EFT BT. is nothing; that 


„ LAB axe ABrke = Conſequently, 
IBAN R- EN 
4A*B* Ax—4ABxax*= 9 by dividing by 
4ABax, AB —x o; and AB=x* ; whence x is 
a mean proportional between A and B. 

Our Author has given a clear ſolution of this 
Problem, but in a different manner. 

Cor. I. If a number of bodies be in a conti- 
nual geometrical progreſſion, if the leaſt of the bo- 
dies be A, the ratio of the increaſe be e, and the 
number of bodies n; and if A ftrike the ſecond 
body at reſt, and the ſecond with the motion ac 
quired ſtrike the third body at reſt, and fo on to 
the laſt ; the bodies, their velocities and motions, 
will be thus expreſſed. 


Bodies - - A, eA, e*A, e 2A, — A. 


28 4A "y = 
1 ie iq 1+ AT c. 5 a. 


2 Aae 4Aae- B8Aze?_ e 


Motions - - Aa, TJE@ IEF Tf &c. 1 Az 
: Ex AM. I. If the number of bodies increaſing 


in geometrick proportion be 20, and the common 


ratio of the terms be 2, n will be 20, and e be 2. 


The laſt body will be 524288 times greater than 
the firſt ; the velocity of the laſt will be to the ve- 
locity of the firſt, as 1 to 221643 and the motion 
of the laſt will be about 236+ times greater than the 


motion of the firſt. 


Ex A M. II. If thenumberdf bodies be 100, and the 


Common ratio of the progreſſion be 2; then will n be 
100, 


Non- elaſtick and Elaſtick Bodies. 

100, and e will be in 2. In this caſe the laſt body wil! 
be above 633825300000000000000000000000 
times greater than the firſt, its velocity will b. to 
the velocity of the firſt, as x to 27 102 2000000 οοοοοο 
nearly; and the motion of the laſt will ö. to the 
motion of the firſt, nearly as 2338480000000 
to 1. | 

Cox. II. If the motion of the firſt body be to 
the motion of the laſt, as 1 to D, that is, if Aa be t© 
5 — Aa, as 1 to D, then e will be cqual to 
Ic | 


; n 
2—D | | 6,4 5 
For example, if the number of bodies be 20, add 
the motion of the laſt be zxo0000 times er: ter ran 
the motion of the firſt, n will be 20. . 
100000, and e will be 10.9946 nearly: © char 
each preceding body in the 20 bodies wut be 
10.9746 times greater than the boy en 


behind it. | | 
Cor. III. If the motion of the firſt body be 

the motion of the laſt, as i to D, that is, if Aa be to 
33 L mat 

| Aa, as 1 to D, D will be equal to 

RY 


1 N > 22e | | 
2] , and, putting R for e, and L. for lo. 
garithin, we ſhall have D= RA, and L, D= 
n-1xL,R. | 

For example, if e be 4, and n be 25, — will 
be 3, the logarithm of which number is o. 2041299 


L, R; and n- ix L, R= 4.898879 5 = L,D. 
The natural number of this logarithm is 79228 


. 

9 

* * 
- 


nearly; fo that in this caſe the motion of the” laſt 


A a 2 body 
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body will be nearly 79228 times greater than tlie 
mn ve YR | 
Cox. IV. If D and given, n may be 
L DLR | 
for by the 


found by being equal to 5: an 

laſt Corollary LDA x L, R, and conſcquent- 
ly n EEE | 

* L, R 2 


For example, if D be 100000, and e be 2, in which 
caſe R will be 4; then will L., D, be 5.000000, 
and L, R o. 1249387; and 5 will be 
41.02 n; ſo that more than 41 bodies will be 
neceſſary to make the motion of the laſt 100000 
times greater than the motion of the firſt. 


6: .Of the Motion of a Globe in a Fluid Medium. 


_ Pros. III. F he diameter and denfily of a 
Globe moving in a fluid medium, if the denſity of the 
medium, the velocity with which the globe ſets ont, 
and the time of the motion, be all given; to determine, 
the part of the velocity which is deſtroy*d by the reſit- 
ance of the medium, the remaining part of the veloci- 
ty, and the ſpace deſcribed by the globe in the given 
time. | | 


Let D denote the diameter of the globe, d its 
denſity, 4 the denfity of the fluid medium, V the 
velocity with which the globe ſets out, t the time of 
the motion expreſſed in ſeconds, m the part of a 
diameter or number of diameters of the globe which 
it wou'd deſcribe with the velocity V in the time t, 
and T the time in which the globe with the veloci- 
ty V would in vacuo deſcribe a ſpace which is to 
Dads: and then the part of the velocity 


3 
deſtroy d 


i 4 Fluid Medium. 


A the remaining part of the velocity will be 


—= and the ſpace deſcrib'd in the medium in 
8Dd 


the time t, will be == x *% = 
„ © FM 10 
x 2.302585093. | 
For Sir Is AAC NREWTON has proved, that the 
part of the velocity which is deſtroyed by the re- 
ſiſtance of the medium in the time t, 7; that 


ws VT FED IT 
the remaining part, is It and ron ſpacs 
—— ' 


deſcribed in the time t, is TV * Log. 72 * 
2. 30238 5093. But by conſtruction, T is as 
e Vb. And therefore, by fubſti 


tuting = and > inſtead of T and V in the 


foregoing expreſſions, the part of the velocity de- 
ſtroyed by the reſiſtance of the medium in the time 


will be 4 Ler- the remaining pare of the velo- 
city will be ; = 7 and the ſpace deſcribed in the 
Am 


8dD | Ny 
time t will be J x Log. 144 x 2. 30258509 . 


Cor, I. If the denſity of the globe be equal 
to the denſity of the medium, that is, if d be equal 
to , the velocity deſtroy*d by the reſiſtance of the 

2 x mV 
medium in the time t, will be. 
m 


A a 3 This 


366 


Of the Motion of a Globe. 
his Corolla will obtain, if the globe and the 
medium be perfectly denſe or void of pores; for by 
being entirely void of pores, they will have equal 
denſities. And ſuch a globe moving in ſuch a me- 
dium the length of 3 times its diameter, * loſe 
m 


above half its velocity; for if m be 3, —willbe 


ks 2 m 
7. And this will always be the velocity loſt in 
moving three times the length of the diameter, 
when the globe and the medium have equal denſities. 


Cor. II. If a globe in moving through m 
times its diameter in a fluid medium, loſe the n part 


o its velocity; then willen = IT = 
4 x'm—nm 3dn 8nd 
— = „and m = —- ; 
me mai 
For ———— a = nV; whenc = 
Ad m- : 2 Pe. 1d m/ : 
„ m- nm wan - 
d Do" > 25 — 5 and m — 
T mnm 
nd 
3% — 3 


Exam. I. If a globe loſe 3 of its velocity in 
moving the length of 10 times its diameter in wa- 
ter, in which caſe n will be 2, m will be 10, and 
s will be 1; then d will be 5, that is, the globe 
will be denſer than water in the proportien of 5 
to 4. | | 


Ex AM. II. If a globe to times as denſe as 
water, loſe 3ths of its velocity in moving 10 times 
its diameter in a fluid; the denſity of that fluid 
will be 8 times as great as. the denſity of water. 


144 5 


L U 
* 


A 2 OY 


S Frag. 


| i a Fluid Medium. 
In this caſed is to, m is 10, and n is 4; and 3, 


N n 1 1 1 
_= 158, 


m—nm? 


which is equal to 

Ex AM. III. If a globe twice as denſe as water, 

loſe 3ths of its motion by moving in a fluid 14 

times as denſe water; it will ſuffer this loſs of 

velocity in moving the length of 14 D. For in 

this caſe d, 5, n, are 2, 14, 2; and m, which is 
8nd . 22 2 115 


Ex AN. IV. If a perfectly ſolid globe move 24 


times the length of its diameter in a perfectly ſolid 


nedium, it will loſe g parts in 10 of the velocity it 
had at the beginning of the motion. For in this 
caſe d is equal to 8, and m is 243 and n, which 


is equal 0. will be be equal to T 
Exam. V. If a globe of equal denſity with 
water, move half the length of its diameter in air, 


it will loſe the — part of its velocity, on fup- 
45874 


poſition that the denſity of water is to the denſity of 
air, as 860 to 1. For in this caſe d, 3, m, are 860, 


1, T; and n, which is equal to T vil be 


. 
45377 


Exam. VI. If the earth moved round the 
ſun in a fluid medium of equal denſity with the air 
at the ſurface of the earth, it would by the reſiſtance 
of the medium loſe almoſt all its motion in 10000 
years, on ſuppoſition that the denſities of the earth, 
of water, and of the medium, are 5, 1, y5s Of in 
decimals 0.0011628. For the earth moves in its = 


4 
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bit with a velocity that carries it at the rate of 


. 4894938782791 miles, or 617142343 times the 


length of its own diameter in 1000 years, on ſup. 


poſition that the ſun's horizontal parallax is 02. In 
this caſe therefore d, 5, m, are 5, ©. — and 
677142343 and conſequently n, which is equal to 
N will be a 343343th part, which is neatly 
the whole, of its preſent velocity. 
By the French. meaſures, a degree of a great 
crde of the earth contains 342366 Paris feet, or 
65403.3158. Engliſh feet, on ſuppoſition that a 
Pars 0 foot is to an. Engliſh foot, as 1142 to 1070, 
nſequently the diameter of the earth, ſuppo- 
2 5 earth to he ſpherical, will be 41870881 
E feet, or 7930 miles. The mean diſtance 


of the ſun from the earth, reckoning the parallax 


at 1207 ſeconds, i is about 19644.2675 ſemidiameters 


of the carth, or 77889520.6375 miles; conſequent- 
e circumference of the earth's orbit is 


489393878. 2791 miles, which the earth deſcribes 


ene. Fear, Or 29558761. 6 ſeconds of time. 


Ex AM. VII. If the earth move in an Æiber 
700000 rarer than the air at the ſurface of the 
earth, it will loſe about Ixth part of its preſent ve- 
Jocity i in 10000 years; for in this caſe d, 5, and m, 
are 5,0. O0000000166, and 017142343 1 and con- 


371 n, which i is equal to Enz will be * 


; ew” 
2:92445028938 , 
44.45778982271 ch part, chat is Arth part of 
the preſent velocity very nearly, 

: Ang if the earth move 1ooooo years in this 
ther, it will loſe almoſt half wh its preſent motion 
in that time. "718 ; 


in a. Fluid Medium. 


Ex Au. VIII. If we ſuppoſe: the earth ta loſe 
the re part of its preſent velocity by moving in 
an etherial medium for 400000 years, in which 
time it will have deſcribed 2468 5693680 times its 
diameter, the denſity of the medium will be above 
200 millions of times leſs than the denſity of the 
air at the ſurface of the earth. For in this cafe d, 
n, m, are 5, o. 01, 2468569 3680, and conſe- 


LIT e 
quently , which is equal to my pou will be 

S | Bat 
244388 36743. 2000000 183366000000 45 
the denſity of water being 1, the denſity of air is 
+3 and conſequently, the denſity of the air at the 
ſurface oſ the earth will be to the denſity of _ 
medium, as above 213200000 to 1, 


N 


Of the Motion of Wheels over Obſtacles. 2 


Prog. IV. If a wwheel moving on an horizontal 
plane, meet with an immoveable obſtacle in its way, 
over which it is to be drawn by a force fixed to its 
center; if the weight and diameter of the wheel, the 
beight of the obſtacle, and the direfiion of the force 
drawing the wheel, be all known; thence to deter- 
mine the force that is ſu Helen to draw the wheel c over 
the obſtacle. | 


Let GPME be che wheel, ND the horizivtal 


plane on which it moves from N towards D, EF 
the obſtacle over which it is to be drawn; let the 
wheel arrive at the obſtacle, and touch its top E; 

and there let it be ſuppoſed to ſtand preſſing the 
horizontal plane at G with its whole weight. Draw 
OEK a tangent to the wheel in the point E, draw 
the diameter ACG perpendicular to the horizontal 
plane, and produce it till it meet the tangent in O; 

from E draw the radius EC ; draw EH perpendi- 
cular 


Of the Motion ef Wheels 


cular to AG; and mr, MC, perpendicular to EC, 


and conſequently parallel to the tangent OK; and 


laſtly, draw the radius Cm; if the whole weight of 


the wheel be expreſſed by CO, in the direction of 
which line that weight acts when the wheel is wholly 
ſupported by the horizontal plane at G, that weight 
may be reſolved into two others CE and OE, 
according to the directions of thoſe lines, 
the weight CE preſſing againſt the top of the im- 
moveable obſtacle, and being wholly ſuſtained by 
it, and the weight OE drawing the wheel down in 
a direction parallel to the tangent OEK. Let W 
denote the whole weight of the wheel, r its radius, 
h the height of the obſtacle, and x the part of the 
whole weight which draws the wheel down in a 
direction parellel to OEK ; and then we ſhall have 
this analogy ; as x is to W, ſo is OE to CO, or 
HE to CE, from the ſimilarity of the triangles 
CEO, and CEH; whence x = ==; but HE 
from the nature of the circle, is equal to 
v AHxHG, or to V AHxEF, that is, in fym- 
bols, to Varh—hh; and therefore x = 
Wxv2rh—hh ' 1 
r A force juſt equal to this weight, 
and acting in direct oppoſition to it, that is, draw- 
ing the wheel upward in the direction CM parallel 
to OK, will juſt be able to make the wheel reſt on 
E the top of the obſtacle, without ſuffering any part 
of its weight to reſt on the horizontal plane at G. 
This force muſt be increaſed to produce the fame et- 
fect, if it act in any other direction than that of CM. 
For let it draw the wheel in the direction Cm, m 
lying between E and M, and then the force acting 
in this direction may be reſolved into 2 forces, 
which will be as Cr and erm, whereof Cr draws the 
wheel directly againſt E the top of the —_ 
an 


over Obſtacle. 

and fo is loſt, and mr draws it upwards in a direc» - 
tion parallel to OK. But mr is leſs than Cm or 
CM, and to become equal to it, and conſequently, 
ſufficient to ſupport the wheel againſt the top of the 
obſtacle without ſuffering any part of its weight to 
reſt on the horizontal plane, it muſt be increaſed in 
the ratio of Cm or C CM to rm, that is, putting s 
for the ſine of the angle which the direction of the 
force makes with CE, in the ratio of r to s; but 
the force rm cannot be increaſed, but the whole 
force CM muſt be increaſed in the fame proportion. : 


And therefore.the force N muſt be in». 


creaſed in the proportion 1 r tos, and then, 

ing F for the force, acting in the direction * 
which is juſt ſufficient to ſupport the wheel on — 
obſtacle without ſuffering it to preſs on the Plane 


2 


— 
— : a 
— — 
— 


—ͤ—E—ũ4ẽ ũ 4 m — 


— — — — — — — — — 


— —— — A th a——_— a * * = 
ina = 2 4.3; >, A <-ma=a3 Ws. 


ND, — , and the finalleſt addi-. | 

{| 
tion to this force will = If it draw the nt over { 
the obſtacle, 


Since the n given by the obſtacle, is « at 
to the force that is juſt ſufficient to make the whe 
reſt on the obſtacle without ſuffering any part of its 
weight to preſs on the plane of the horizon, that is, 
putting R for the . given by the obſtacle, 
der of R is equal to F; K n a to 


Wxv 2rh—bh 


— — 2 — — — 
— — — —— 


— — —— 2 
- 4 — — "Des - > —. — 


It i to be abſent; that the direction of the 
force muſt lie between CE and CA; for if the 
force draw the wheel in the direction CE it will be 
wholly ſpent upon the obſtacle, and not in the leaſt 
contribute to draw the wheel over it; and if it draw 
the wheel directly upwards from C to A, it will not 
make it to men and conſe 


quently, 
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quently, however great we may ſuppoſe it to be, 
can never draw it over. 7 


Wihrend ge ane 
Cog. I. If che direction of the moving force 
change continually, paſſing from CE to CM, and 
thence to CP, the ſine of the angle which the line 
of direction makes with CE, will increaſe in the 
paſſage of that line ſrom CE to CM, and decreaſe 
in its paſſage from CM to CP; but as s increaſes 


or leſſens, — = — will leſſen or increaſe; 


and conſequently the force F will leſſen in the paſ- 
ſage of the line of its direction from CE to CM, 
and thence increaſe in the e of that line to 
CA. So that the force will be leaſt when it acts in 
the direction CM, in which caſe the whole force 
will be employed in drawing the wheel over the ob- 
ſtacle ; whereas in all other directions, part of the 
force will be loſt by drawing directly againſt the 
top of the obſtacle. Hence the moſt advantagious 
direction of the force, will be that which makes a 
right angle with CE, in which caſe s will be equal 


TX 


tO r, and F = 12 —. 


Cox, II. If the height of the obſtacle be given, 
in which caſe h will be as 1, and the force draw the 


wheel in the direction CM parallel to OK; then F 


will be as . | 
If the radii of 4 wheels, be 1, 2, 3, 4, then will 
v3 Vs, v7, dat is, as the num. 


— 


V2r—z be 1. 
* r 3 K 29 , 3 41. ö 
bers 1000, 866, 745, 661 3 and the forces requi- 
ſite to fup > wheels on the point E, ſo as 
not to — part of their weight to reſt on the 


horizontal plane, will be as their weights multiplied 


5 into 


ober Obſtacles, 


into theſe numbers reſpectively. The force requi- 
ſite to ſupport the inſt wheel, will be as its ack 
multiplied into 1000, the force requiſite to ſup 

the ſecond wheel as its weight multiplied into 866; 
and fo of the reſt. And if the weights of all the 
wheels be equal, the forces neceſſary to ſupport 
them, and conſequently the reſiſtances given by 
the obſtacle to which theſe forces are equal, will be 
as the numbers 1000, 866, 745, 661. So that 


in wheels of a given weight, the leſſer the wheel is, 


the greater will be the reſiſtance which is given to 
it by an obſtacle of a given height. | 


Cor. III. If the height of the obſtacle be in- 
definitely ſmall and given, in which cafe the tan- 
gent OK will coincide with the horizontal plane 
ND, and the point E coincide with the point G; 
and if the force draw the wheel in a direction paral- 


ll to OK or ND; then will F be as W x *=| 


or, becauſe 2 is a given quantity, as =; and if 
the weight of the wheel be given, F will be as 
I | | 
vr | 

If the radii of 4 wheels of equal weights be, 1, 2, 
3, 4, and the wheels be drawn on a ſmooth plane 


parallel to the horizon; the forces neceſſary to put 
them in motion, when they draw in directions pa- 


| . 8-1 
ralle] to that plane, will be as 1, ws 75 


that is, as the numbers 1000, 707, 577, 500. 
And therefore, of wheels drawn on the plane of the 
horizon by forces acting in directions parallel to that 
plane, leſſer wheels will require a greater force 

put them in motion than greater, 5 | 
"or R. 


2 — * a er 


—— — — 
— —— 


— — — — 
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Con. TV If che height of the obſtacle be 


portional to the radius of the wheel, and if the 
force draw the wheel in a direction parallel to to OK; 


, WxwY/ 2rt—hh 


en oh Wer, ned Ribe —. 
then will the force, and conſequently the reſiſtance 


given by the obſtacle, be as the weight of the 


wheel ; for e — will be s _ , that is 


2 1 and therefore F will be as W. 


Cox. V. If the direction of the force drawing 
the wheel be parallel to the horizontal plane, that 
is, if mC be parallel to ND; then will che forc: 
that js requiſite to ſuſtain the wheel on the point E, 


dt — For in this caſe the ang 


mCeE is equal to the angle CEH, and conſequent]y, 
their fines are equal, that is, s is equal to CH, 
which in ſymbols is r—h. And therefore F, which 


univerſally is as —— is in this caſe as 
Wii irh un 
r—h * | | 
If the height of the obſtacle be given, in which 
| caſe h will be as 1, then will F be as TR 


If the radii of 4 wheels of equal weight, be 


1, 2, 35 45 then will F with reſpect 0 theſe 
four wheels, be as = LES vs * that is, as in- 


1 
finite, 1732, 1128, 882. The height of the ob- 
ſtacle is equal to the radius of the firſt wheel, ina 


much as I have ſu ma them both to be as 13 and 
conſequently the 


e muſt be infinite to make the 
wheel 


w] 
We 


over Qbſtacles. 


wheel reſt againſt E, and hinder any part of its 
we — preſſing on the horizontal plane at G. 


Con. VI. The force, is to the weight of the 
wheel, as the ſine of the angle ECH, is to the fine 
of the angle which the line of direction of the force 


makes with EC; that is © = Linh 
W 8 


If the force be one half of the weight of the 
wheel, that is, if F be one half of W, Varh—hh 
will be one half of s; if F be equal to W, Van in 


will be equal to s; and if F be as W, v2rb—hb 
will be as s. 


Of the Motion of Water through On hes and 
Pipes. | 


Pros. V. To 3 the motion of water run- 
ning out of a hole made in the bottom of a weſſel,- 


Sir Isaac NZ WTO has given a general ſoluti- 
on of this Problem in the following paragraph, 
which is contained in prop. 36. prob. 8. lib. 2. 


« Sit ACDB vas cylindricum, AB ejus orificium Pl. 11. 
* ſuperius, DC fundum horizonti parallelum, EF Fig. 2. 


* foramen circulare in medio fundi, G centrum fo- 
* raminis, et GH axis cylindri horizonti perpen- 
« dicularis. Et finge cylindrum glaciei APQB ejuſ- 
dem eſſe latitudinis cum cavitate vaſis, et axem eun- 
* dem habere, et uniformi cum motu perpetuo de- 
* ſcendere, et partes ejus quam primum attingunt 
* © ſuperficiem AB liqueſcere, et in aquam converſas 
« gravitate ſua defluere in vas, et cataractam vel co- 

* lumnam aquz ABNFEM cadendo formare, et 
per foramen EF tranſire, 1demq; adæquate im- 

“ plere. Ea vero fit uniformis velocitas glaciei 
* deſcendentis ut et aquæ contiguæ in circulo AB, 
* quam aqua cadendo et caſu uo deſcribendo alti- 
A tudinem 
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* tudinem IH acquirere poteſt; et jaceant TH et 
«& HG in directum, et per pun&tum I ducatur recta 
« KL horizont! parallela et lateribus glaciei occur: 
rens in K et L. Et velocitas aquæ effluentis 
4 per foramen EF ea erit quam aqua cadendo ab! 
set caſu ſuo deſcribendo altitudinem IG acquirere 
<« poteſt. Ideoque per theoremata GAL IL Æ Merit 
« IG ad IH in duplicata ratione velocitatis aqua 
<« per foramen effluentis ad vclocitatem aquæ in cir- 
« culo AB, hoc ct, in duplicata ratione circuli 
* AB ad circulum EF; nam hi circuli ſunt reci- 
& proce ut velocitates aquarum quæ per ipſos, eodem 
* tempore et æquali quantitate, adæquatè tranſcunt. 
& De velocitate aquæ horizontem verſus hic agitur. 
Et motus horizonti parallelus quo partes aquæ ca- 
« dentis ad invicem accedunt, cum non oriatur a 
ce gravitateʒ nec motum horizonti perpendicula- 
« rem a gravitate oriundum mutet, hic non conſi- 


& deratur. Supponimus quidem quod partes aquæ 


4 aliquantulum cohzrent; et per cohæſionem ſuam 
< inter. cadendum accedant ad invicem per motus 
* horizonti parallelos, ut unicam tantum efforment 
< cataractam et non in plures cataractas dividantur: 
« ſed motum horizonti parallelum, a cohæſione illi 
« Oriundum, hic non conſideramus. 

This Theory Sir Is AAC corrected by experi- 
ments, proved it in ſix different caſes, and drew ſe- 
veral corollaries from it. The reaſon why a cor- 
rection was neceſſary will be ſhewn in the Scholium. 
And the truth of his and other corollaries flowing 
from this theory, will more eaſily appear by expreſ- 
ſing the foregoing proportions of the velocities in 

mbols; to do which, let A denote the area of 

e circle AB, a the area of the hole EF, H the 
line HG which is the perpendicular height of the 
water in the veſſel above the hole, x the height IH, 
from which watcr or any other body muſt fall by 
the force of gravity from a ſtate of reſt, to acquire 


the velocity of the water in AB, V the velocity of 


Water 


6 
\ 
t 
4 


through Orifices and Pipes. 


water in its paſſage through the hole EF, and v its 


velocity in the ſurface AB; and then the propor- 
tions will be thus expreſſed, HX. X:: V. v* 2 


A. a“; whence, VH rx. Vx Vx: As 


Cor. I. The height from which a body muſt 
fall to acquire a velocity equal to the velocity of the 
V.H 


5 
2 
V 


water in tlie ſurface AB, is equal to — 


aH 


a For by inverſion and diviſion of pro- 


or 


portion, x. H:: v* , Vi- v:: a. A. a,; 


3 v*H. a*H WE 
when = =_— = — 
ce 12 Tt. But X deno 


v*H 8 
IH. And therefore IH N Ang 


Cor. II. The perpendiclar height of the 
water in the veſſel, denoted by H, is equal to 


1 = „ Or 7 <=, by Cor. 1; 


Cor. III. The height from which a body muſt 
fall to acquire a velocity equal to that with which 
the water flows through the hole, is equal to 

VH A*H > h 
vz, or args For by diviſion of propor- 
tion, HEx=IG.H::V* /V*—v*2Af% Af—a?, 
V*H A*H 


V*—y* 12 Aa 


whence IG = 


Cor. IV. The perpendicular height of the 
water in the Veſſel, denoted by H, 'is equal to 
IG x V*—y* IG x A -a 

V 2 


, or to , by Cor. 3. 


B b Cox, 


3 


———ů—ð3iE — ĩ : ——7rð—U — oO 
— 2 — by _—_ 
- 5 = + 0 — — 
— _ 
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* _ —_— — 
— 


the area of the hole, H will be nothing in compa- 


Cor. 4; and IG, and conſcquently V, will be athr- 
mative, by Cor. 3. But a negative perpendicular 


Conz. VII. If the hole be ſinall, and the fi 
face of the water infinitely large, both a and v m 


ä Motion of Water 
Cor. V. If the area of the ſurface be equal to 
riſon of IH and IG which will be equal. For if 


A be equal to a, H will be nothing by Cor. 2. and 
I and IG will be equal and infinite by Cor. 1, and 


"Cor... 4. 


The truth of this Corollary may likewiſe appear 


c 

0 

| 0 
from the nature of gravity. For if A be equal to t 
a, V muſt be equal to v. But V can never be equal h 
V 

{ 


to v while there is any acceleration of the motion of 
the water in its deſcent thro? the veſlcl, as there 
will always be till H becomes nothing in compari- W W. 
ſon of the equal lines TH and IG, which in this calc v⁰ 
muſt be conſidered as infinite. {cc 


; 
Ccr. VI. If a be greater than A, in which cake 
A*—a* will be negative, H will be negative, / ho 


height of the water in the veſſel, and an affirms 


tive velocity of the water flowing through the hole, hol 
require an inverſion of the veſſel or a turning of i: whi 
bottom upwards; by which inverſion the hole will thre 
become the upper orifice, and the upper orifice th of 


hole; a will become A, and A become a; and 
the velocity will be affirmative, that is, the wate be g 


will move downwards, as it ought to do from th: 


nature of gravity. Farther, when a is greater than ſince 
A, the veſſel will be conical with its wider ene * 
downwards; but from the nature of gravity, wat E 


red in at the top or narrower end of ſuch a veſſe be a 

will deſcend in a cylindrical column, which will ne 11 
fill the baſe, as the foregoing account of this mot B. 
on requires; and therefore, to give this caſe th 5 955 
conditions required, there muſt be an inverſion 0 n 
the veſſel. EE | 
* 

{mall 


. 
x! 
* 


4 
m 
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be conſidered as o with reſpect to A and V; conſe- 
quently TH will be o, by Cor. 1. and IG will be 
equal to H, by Cor. 3. 

In this caſe, and this only, the ſuperficial parts 
of the water have no velocity at the very begining 
of the motion, but begin to deſcend from a ſtate 
of reſt, as quieſcent bodies do when the ſupport is 
taken away. In all other caſes, in which a and v 
have ſome magnitudes when compared with A and 
V, the ſuperficial parts of the water ſet out with 
ſome velocity, and do not begin to deſcend, on the 
water's beginning to flow through the hole, as hea- 
vy bodies near the ſurface of the earth begin to de- 
ſcend from a ſtate of reſt. 


Cox. VIII. If the ratio of the ſurface to the 
hole be given, as it will be when each of them con- 
tinues the ſame, or when both of them change in 
the ſame proportion; the velocity in the ſurface 
will be proportional to the velocity through the 
hole, and both will be proportional to the velocity 
which would be acquired by a body in falling 
through a height equal to the perpendicular height 
of the water in the veſſel. If = be given, = will 
be given; and conſequently, v will be as V, and 
7; a* *A 8 

lince — is given, 57> and q7=F will both 
be given; and conſequently both TH and IG will 
be as H, by Cor. 1. and Cor. 3. But v and V are 
3 IH and IG. And therefore, both v and V 

will be as H. | 8 
By this Corollary, when A and a continue inva- 
tiable, and the heights of the water in the veſſel 
are 1, 4, and 16 feet ; the velocities in AB and 
EF will be as 1, 2, and 4. But Bodies placed at 
{mall diſtances from the ſurface of the earth, do all 
begin to deſcend with the ſame velocity very * 
| b 2 y. 
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1 


ly, as has been proved by experiments. And 


therefore the ſuperficial parts of the water in this 
caſe, begin to deſcend in a very different manner, 
or with very different velocities from that with 
which a heavy body placed at thofe heights, begjns 
to deſcend from a ſtate of reſt. The velocity in 
AB is regulated by the velocity in EE, and the 2 


Jocity in EF is always meaſured by H, when © - 
is given, 

Cor. IX. The velocity of the water in the fur 
face AB is always the = part of the velocity tliroug 


the hole, that 1s, v 1s the 5 part of V, or in oth 


av : 2 
words, S When a is nothing in proportio: 


A 


to A, as we may ſuppoſe it to be, when a is ver 


ſmall, and A exceeding]y great, then will v ben 
ſenſible part of V, that is, it will be nothing; an 
conſequently, the ſuperficial parts of che water wi 


in this caſe begin their motion, as heavy bodies dv 


from a ſtate of reſt. 


Cor. X. The whole motion of the deſcendir 
column AMEENB, is equal to the motion ol 
cylinder of water, whoſe baſe is a, whoſe alcituci 
is H, and whole velocity is V, that is, to the mo 
tion aH x V. For Va is equal to vA, that is, tl 
motion of the water in EF is equal to its motion i 


AB; and from the nature of the deſcending colum! 


each of them is equal to the motion in any ſcctio 
of the column parallel to EF or AB; and con 
quently, the"rmgmon in all the {-&tions, ſuppotis 
them to be indefitiitely many, that is, the whol 


? motion of the deſcending column, will be equal! 
the motion in the hole multiplied into the num! 


. 
Fl 
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of ſections, that is to Va x H, or aH x V. This 
property has been proved by Dr. Ju Rix. 


| Cor, XI. The force which can generate the 
whole motion of the water running out of the hole, 
i is equal to the weight of a cylinder of water whoſe 
iu baſe is a, and altitude is 2IG, by Car. 33 that is, 
qual to the weight of a cylinder of water, whoſe 


For in the ſame 
A2 -a Y 


time, in which the water running out is equal to this 
ME olinder, by falling from the height IG by the 
WF force of its gravity, will acquire a velocity equal 
so chat with which the water runs out. But 
chen the quantities of matter and velocities of two 


magnitude is 2aH x 


bodies are equal, their motions, and conſequently 


che forces which can generate thoſe motions in 
equal times, will likewiſe be equal. And therefore 
the force which can generate the whole motion of 
the water running out of the hole, is equal to the 
weight of a cylinder of water whoſe magnitude is 


A 


ry 


Nt 


Cor. XII. The weight of the deſcending co- | 


umn AMEFNB is equal to the weight of a cylin- 


der of water, whoſe baſe is a and whoſe height is 


| F A. 
RY that is, whoſe magnitude is 2aH x 9s ay 


08 For let IO be a mean proportional between IH and 
16, and then, IH. „IG: : IH. IOI0.16G 
a. A; and by diviſion of proportion, HO. IH 
'W :: OG. IO; and by alternation and compoſition, 
NN HO + OG, 2HO :: IH IO. 21H: : a A. 
aa. Bat, by Cor. 11, in the time a drop of water 
"WF falls by its own gravity from I to G, the quantity 
of water diſcharged by the hole will be equal ta 


ax 216, or Ax 210; and in the time the drop 
deſcend. 


— —— ——— 
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deſcends from I to H, the quantity of water paſſing 
through the” ſurface 'AB, and diſcharged by the 
hole, will be equal to Ax2IH ; and the difference 
of theſe uantities, namely A x 2HO, will be the 

diſcharged in the time the falling drop de- 

ramp from H to G, which quansity is the column 
AMEFNB; for in the time the drop deſcends 
from H to G, the ſuperficial parts of the water, 
Focity'of th 'of the drop at H, and 

— 5 and without reſiſtance, will reach 
the hole. —— all the water in the vel. 
ſel will be 15 "the water in the column AMEFNPB, 
as A* H is to Ax 2HO, or as H= HO + OG 


to 2110; or as aA to za; whence, putting Q 


for the quantity of water in the deſcending column, 


Ax H. Q:: Aa. 2a; and conſequently, Q = 
22H X Ta 

This Corollary may be proved in another manner, 
thus. The cataract is the difference of the two 


hyperboloids KAMEFBL and KABL, ſuppoſing 
the aſſym g KL to be infinjtely extended both 
ways, and the ares AB to be infinite; but by 
fluxions, as Dr. Jurin has ſhewn, the hyperbo- 


loid KAMEFN is equal to. 2a x HF x, or to 
50 beat H is equal 5 2 4X by Cor. 2; 
5 the hyperboloid KABL, is equal to 2Ax, and 
oe difrene ef de cs i ©" — 2Ax = 


3 
2A'X e All th water in the Veſſel is AH, 


A*x AE 


— —ę 


in the room of H, 


or, by ſubſtituting 


A Aa y < 
—_—_ =o A Þ and en the water in the 


veſſcl 


ce 48 
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veſſc] is io the water in the cataract, as . 
Aix—AaX.. is to 2A . that is, after due 
a* 


reduction, as A * a is to 24, Therefore AH. Q 


A 
: ATa. 2a: whence, Q= 2aH x As. | f 


Cor. XIII. The weight of all the water in the | 
veſſel, is to the weight of that part of it which is i 
ſuſtained by the bottom, as the ſum of the circles | 
AB and EF is to their difference. For, ſince 0 
Ax H. Q: A + za. a, by Cor. 12, AX H. | 
AX H- Q:: Ara. Ara — 2a g A — a 1 
by diviſion of proportion. | 


Cor, XIV. The weight of the water which the 
bottom ſuſtains is to the weight of the cataract, as 
the difference of the circles AB and EF, to twice 
the lefſcr circle ** 18 Ax H. Q:: Axa. 
24, by Cor. 12. d by diviſion of Proportion, 
AxH—Q.Q: Ty ey ein 23. 


Cor. XV. The weight of water which the” 


bottom ſuſtains, is to the weight of water perpen- 4 
dicularly incumbent thereon, as the circle AB, is t6- 


the ſum of the circles AB and EF. For the weight 
of water which the bottom ſuſtains is A x HQ 
SAH— 2aHA,' wn A*H— aA4H. 

Ae 7 IT” = How 
and the weight perpendicularly incumbent on the. 
bottom is A — a x H = AH — 2H. But 
AH — aAH, ; 

ES AH—aH :: A*—aA . A- —2z 


: A. Aa by dividing * A- a. 


Cor. XIV. The quantity of water in the de- 
ending column, is to the quantity perpendicularly 
Bb 4 incumbent 
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incumbent on the hole, as twice the circle AB, 18 
to the ſum of the circles AB and EF. For the 
quantity of water in the deſcending column is 

3 2A 
TI Na. Na 
1 22A. Ara. 

Hence, when a is nothing as we may ſuppoſe it 
to be when A is infinitely great, the deſcending co- 
lumn will be equal in magnitude to 23H, as Dr. 
Ju RIx has ſhewn it to be by determining its mag- 
nitude by fluxions. 


2aH x* 


Cor. XVII. The weight of the deſcending 
column, 1s to the weight of water which can gene- 
rate the whole motion of the water running out f 
the hole, as the difference of the circles AB and , 
is to the greater circle AB. For, putting F tor 11: 
force or weight which can generate the whole 100. 
tion of the water running out of the hole, and i 
poſing Q to denote the weight of the deſcendins 
column, we ſhall have F equal to the weight of a 


quantity of water whoſe magnitude is 2aH x 
A % < 
Tf. by Cor. 1 I, and Q equal to the weight 


A 
Aa, 


+ A 12. And therefore, Q. F :: 2aH x 


1A 2aH x 3 71 ©. AD, Aa. A. 
e e A 
Hence Q = — 3 and F 2 and 


... conſequently, the force which can generate the 
whole motion of the water running out of the hole, 


will always exceed the weight of the deſcending co- 


lumn, except when a becomes o, as we may ſup- 
Poſe it to do, when it is very ſmall, and A excecd- 
ingly great. | 


Cox. 


through Orifices and Pipes. 


Cor. XVIII. The force which can generate 
the whole motion of the water running out of the 
hole, is to the weight of water perpendicularly in- 
cumbent on the hole, as twice the ſquare of the 
greater circle AB, to the difference of the ſquares 
of the circles AB and EF. For the force which 
can generate the whole motion of the water running 


A 


out of the hole, is the weight of 22H x -——— 


A 
quantity of water, by Cor 11, and the weight of 
water perpendicularly incumbent on the hole, is 


2 


che weight of the cylinder aH. But 20H x Nr. 


aH 1? 2A*. A*—a?*, In the ſame ratio is the 


whole motion of the effluent water to the motion of 
the water in the cataract. 


Cor. XIX. If in the middle of the hole be pl 11. 
placed a little circle PQ parallel to the horizon, Fig. 3. 


whoſe center is G, and if the area of this circle be 
called o; the weight of water which it ſuſtains du- 
ring the efflux of the water through the ring ſur- 
rounding it, is to the weight of half the cylinder 


_ oH, as a to a— 0; if R denote tlie weight ſuſ⸗ 


; oH : | 
tained, R 1s to a to a— 0, and R is equal 


aoH 
to 


2 For if we ſuppoſe A to be contracted 


till it becomes equal to a, in which caſe IH will be 
infinite, by Cor 1. the water, notwithſtanding this, 
will deſcend about the column PQH which the 
little circle ſuſtains with velocities, which are every 


where in the ſubduplicate ratio of the diſtance from 


KL, and likewiſe in the reciprocal ratio of the ſe- 
veral ſcctions through which it paſſes; conſequent- 
ly, the cataract AEPHQEB, is equal to the dif- 
ference of the two hyperboloids PEAKLBFQH 


and 
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and AKLB. But the hyperboloid PEAK LBF QL 
2 24 — 20x HEN 24LI— 20H - 2ax — 20X 3 
and the hyperboloid AK LB is 2ax ; and the diffe- 
rence of the two is 24H —20H — 20x, which is 
the catrat AEPHQFB. The ratio of all the 
water in the Veſſel to this annular cataract, is 


aH 
HH —- But Tom the nature of the motion 
of the — A water, a is tba —o, as * H x. x, 
whence H = Hen — The foregoing ratio, 


— 240-100 
when this mh of H is ſubſtituted in its room, will, 


after due reduction, become =—2 - Therefore 


24—00 
aH, the whole quantity of water in the veſſel, is to 
the annular cataract, as 24—0 to 2a—20 ;z whence 
the annualar cataract is == — which being 


D for the quantity 

ſuſtained by the little circle o. Conſequently, R= 

agH. . oH .. 
and R. — 4 0. 

2 2 


ſubducted from aH, leaves — 


SCHOLIUM. 


Upon examining this motion by experiments, Sir 
Isaac NWO found the velocity of the water in 
its paſſage through the hole to be leſs than it ought 
to be, if the water in the veſſel deſcended from the 
ſurface to the hole freely and without reſiſtance, in 


the, proportion of 1 to 2. For he obſerved the 


vein of the effluent water, and found it to contract 
ang · grow narrower, to the diſtance of about a dia- 
meter of the hole below it, at which place he mea- 


ſuxed the diameter of the vein, and found it to be 


leſs: than the diameter of the hole i in the proportion 


through Orifices and Pipes, 


of 21 to 25, and conſequently, the area of a ſec- 


tion of the vein at that place to be leſs than the area 
of the hole, in the proportion of 441 to 625, that 
is, of 1 to 2. But as the vein contracts the ve- 


locity igcreaſes. And therefore, at the diſtance of 


a diameter of the hole below it, the velocity will 


be greater than in the hole in the proportion of 


2 to 1. If IG be four feet or 48 Inches, and the 
diameter of the hole be 1 inch, 1 added to 48 will 
make the height from the place where the velocity 
is greateſt to be 49 Inches; and if the velocities 
of the deſcending column in the hole and that 
place, were truly meaſured by the ſubguplicate 
ratios of thoſe heights, as they would be if the 


water deſcended freely and without reſiſtance, they 


would be nearly equal, being as the numbers 69 
and 70. And therefore the velocity of the water 
in the hole is leſs than it would be if it was propor- 
tional to IG, in the ratio of 1 tow 2. This 
diminution of velocity can be owing to nothing 
but the lateral motion of the deſcending water, re- 
tarding its perpendicular motion downwards, and 
making it leſs than it otherwiſe would be, in the 
faid ratio of 1 to V 2. Hence, the velocity with 
which the water flows through the hole, is very 
nearly equal to the velocity which a body, by fal- 
ling freely and without reſiſtance from a ſtate of 
reſt at. I, "—_ acquire in deſcending through + 
'IG. For the velocity acquired in filling through 
71G, is to the velocity acquired in falling through 
IG, as 1 to 2, 

According to Sir Isa ac NzwTon, a body fal- 
ling in vacuo from a ſmall height above the ſurface 
of the earth, will deſcribe 193 4 inches, or 165 feet 
in one ſecond minute of time, and will have a 
red a velocity at the-end of the fall, which being 
continued uniform, would carry it through | twice 


that Tomy that is, Vac! inches or 32 +5 feet, in an 
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equal time. But uniform velocities are as the ſpaces 
deſcribed by them in the ſame time, and the veloci- 
ties acquired by a body falling in vacuo through the 
ſpaces 16, and GI or AS, are in the ſubdu- 
plicate ratios of thoſe ſ. paces; and therefore 325. 


for. * 165 0 7 Whence, VS 8.02773 
v = — feet, = 96. 33276 5 75 - inches. And 


| Ielf-ning thels meiflires of the — Y of the water 


flowing through the hole, the ratio of 1 to . 2, tha! 
15 drviding each by 1.414, we ſhall 3 6773196 


A. H 


ö feet, = 68. 1278352 * ES 


Theſe are the true — of the ee of the 


inche . 


14 


ty Is therefore fach as carries it at the rate gt 
A 
5:6773196 % =; feet, or 68.1278352 


* £— — inches, in a ſecond minute of time. Theſc 
april may be ſhortened. if A be conſiderably 


2 


greater than a, for in all ſuch cases. = will þe 


ſo nearly equal to , that 1 — may be fafcly 


rejected; and then the foregoing meaſures of the 
velocity will become, 56773196 TH feet, or 
68. 1278332 FH Inches. To ſhew the Truth of 
this by an cxample, let A be 100 ſquare inches, and 

vill be. 


| X * 999 

if H be. J feet or 48 inches, ones will be 48. 
0043 incaes, waich is only greater than 48 by 48 
parts 


a 1 ſquare inch, and then 


throngh Orifices and Pipes. 


rts of an inch divided into 10000. The exceſs 
is ſo ſmall, that it may be ſafely rejected. 

Another true meaſure of the velocity oſ the water 
flowing through the hole, will be had by dividing 
the quantity of water diſcharged, by the area of the 
hole and time of the diſcharge taken together; the 
quantity of water diſcharged being expreſſed in cu- 
bick inches, the crea of the hole in ſquare inches 
or parts of a ſquare inch, and the time of the diſ- 
charge in ſeconds. Let Q denote the quantity diſ- 
charged, d the diameter of the hole, and t the 
time of the diſcharge, and then V will be meaſured 


1 WE 
by „ , inches, which will, be 


the ſpace deteribed! in one ſecond of time. 
This meaſure is equal to the former, that is, 


Q = " . 
TIT ana df oa be. 6. 


quently, Q = 53. 5074764d. tv H cubick inches; 
or 13555.227d*tV H grains ; becauſe, a cubick 
inch of water weighs 2 53% grains. If W denote 
the weight of water diſcharged, then will vo = 
13555.32d*tv H grains. 

In order to know, whether the 2 Ha of water 
flowing through circular holes of different diameters, 
when placed at the ſame perpendicular diſtance from 
the ſurface of the Water, be all equal; what relation 
the velocity of water flowing through a hole, bears 
to the velocity of water flowing through an hori- 
zontal pipe of an equal diameter, inſerted into the 
ſide of a veſſel at an equal perpendicular diſtance 
from the ſurface of the water; and under what cir- 
cumſtances the meaſure of the velocity laid down in 
my Animal CEconomy obtains, I ſay in order to 
know theſe things, I cauſed a proper apparatus to 
be made, and from the experiments made wich it, 

I compoſed the following Tables, J 


TABLE 
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1 TABLE I. 
Ft ar! hv! Ex..." 1498 
110 | 4 | ws 2711 2944 1086 
I's 43377 47040 | 1084 
| Ts | 67776 72960 | 1076 
1s | 173507 |. 178560 | 1029 
| 2 1197 2087 | 1088 
q 5 30672 33600 | 1095 
is | 47925 | 51840 | 1082 
3 | IS | 122688 128400 1046 
* 1 ABLE II. 

5 w d I 4 

0147040] || 178 56⁰ 

d154720 d|204720 

2d056 160 241224640 

34]52800 3d[217440 

44152220 4d'212160 

5d|51600 5d|203520 

10d[47040 16d|1 88160 

& i= 8. | | \23d|178560| 


The firſt Table contains, in the firſt column, un- 
der t, the time of the dic in ſeconds ; in the ſe- 
cond column, under H, the perpendicular heights of 
the water above the hole in London feet; in the third, 
the diameters of the hole in parts of an inch; in the 
fourth, under W, the weights of water in grains, 
which ought to have been diſcharged by the theory 
or foregoing rule; in the fifth, under w, the weights 
of water in grains which were diſcharged by expe- 
riment, each weight being a mean taken from 5 or 


6 experimets z and in the ſixth column, under . 
the 


through Orifices aud Pipes. 

the ratio of the weight diſcharged by experiment, to 
the weight which ought to have been diſcharged by 
the theory. - 

The ſecond Table conſiſts of three parts, and each 
part of three columns. The firſt column of each 
part, contains the diameter of the pipe in parts of 
an inch ; the ſecond contains the lengths of the 
pipe in the terms of the diameter, beginning with the 

ole, which may be conſidered as a pipe of an inſi- 
nitely ſmall length expreſſed by o; and the third 
column contains the weights in grains diſcharged in 
to ſeconds, each weight being a mean taken from 
particular experiments. The holes and pipes were 
all at the ee diſtance of 4 feet from the 


1 
* 


ſurface of the water, fo that here t was 10”, and H 
four feet. 
| TABLE III. 
3 ee 
H — — 
3 1 . I W HN 
To 2 1:2180j218c 1000 ＋ fog] 982] 901 
3 | | 2j1541]208cſ1349] - 7e 92196 
| 3\1258|205711034 629 87711393 |} 
| | | 411090j1874[1719 | 545 76211398 
| 5| 98017591 804 49c| 72001469 
ö 6, 89016901899 445] 66511494 
| 7] 82415641898 412] 620|1505 
. 8 770,152C[1972 385] 5851519 
9 7271144011982 363] 553522 
| | 10 6891410 2045 344} 525/1523 
7 | 12 629,1320[2098 | 314] 47011493 | 
14] 582/1225[2102 291] 430[1476 [ 
16 564511163 2134 272] 383|1405 | 
18 51411086 2113 257]. 350[1362 
| 20 487 1030[2113 243] 3201313 |} 
| 24 445] 8661946 222] 26001168 
25 436 8601972 218] 25301160 
| { [28] 412] 844]2048 206] 230[1116 
32 385] 758[1967 192] 2021048 
36; 363] 65911814 | 181] 185/1018 
43| 314 Fog 618 
60, 281 42101496 
= 
| 72 2571 345!1342 | 
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4 ABLE IV. 

W | W N W'] w | 

| W. EN 
112332 ToC 814 76166050 8 


2] 8720] 927c|[1063] | 43604630 
882001238 3560440001235 
857001389 3083427001385 
3 5515] 82401494] 275804040165 
6 5034] 784001557 25170388001 541 
7, 4661] 75801626 2330037661616 
8, 4360] 736001688 2180036686682 
9 4110 715017391] 2055]357 01737 
10, 3900 695c[1782] | [1950]3414|!751 
16 3083] 577601873] [1541[2955|1918 
25 2466] 47851940] | [1233/2460[1995 
5 36 2055 4048|rg70 to2 7212002064 
5 49 1762] 348c[1975| | 88173001963 
or 1542] 3250|2108 77111 3261 720 


81] 1370] 3062[2235 6851201635 


| 97 1221 2700[21 56 6261 940|1 50? 


1 


The third and fourth Tables conſiſt each of two 
parts correſponding to different perpendicular heights 
of the water in the veſſel, and different diameters of 
the 'pipes. In both Tables, H denotes the per- 
pendicular height of the water in the veſſel above 


te pipe in feet; I the length of the pipe in inches; 


W the weight in grains which ought to be diſcharged 
by the firſt Propy/#10n of my Animal ¶ Tconomy; w 


the weight in grains which was, diſcharged by expe- 


W 


riment; and w the ralio of the weight diſcharged 


by experiment to the weight which onght to have 
been diſcharged by that PropgHtion. The diameter, 
0i;all the pipes in the third Table was e of an 
4 nch, and of all dic pipes in the fourth Table TE 
3 P p 


Cy® 


Oy % 
4 a - ew” 
— 


— Freren wt. 8 . 


; whence W = 48746. 3 dt / grains 


through Orifices and Pipes. 
of an inch. And the time of the diſcharge was 10 
ſeconds in all the experiments of both Tables, 

The quantity or weight of water which ought to 
be diſcharged by the firſt Propoſition of the Animal 
(Economy, may be thus found. I there proved, 
that the velocity of water flowing thro? a pipe, is 
5 „ But if the force which can generate the 
motion of water flowing through a pipe lying pa- 
rallel to the horizon, be equal to the force which can 
generate the motion of water flowing through a hole 
of an equal diameter with the pipe, when placed at 
an equal perpendicular diſtance from the ſurface of 
the water; F, by Cor. 11. of this Problem, will be 
as 2d H, on ſuppoſition that the area of the hole 
is extreamly ſmall im compariſon of the area of the 
ſurface of the water. And therefore the velocity 


of water flowing through a pipe lying parallel to 
1 1 
the horizon, is as = The weight of water 


diſcharged, is as the orifice of the pipe, the time of 
the diſcharge, and velocity, taken together ; that 


ute And thereſore, W is as d*t 


A pipe of , of an ineff in diameter, and 1 inch 
in length, diſcharged 2180 grains of water in 10 
ſeconds when it was inſerted into the ſide of the 
veſſel at the perpendicular diſtance of 2 feet from 
the ſurface. In this caſe therefore, d, t, H, I, were 


0.1, IO, 2; 13 and d*r/ 1 was equal to 


0.06326. Hence we may find W in other caſes 


by this analogy ; 2180 : 0.06325 : : W: d't 
2dH 


L 
In the firſt part of the third Table, W is —— 


G c and 
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and in the firſt part of the fourth Table, , 


end W in the ſecond part of each Table i is one half 
or WI in the firſt part. 
OBSERVATIONS 0# the TABLES. 
Ou I. By the firſt Table the diſcharges by 
experiment are nearly proportional to the diſcharges 
by the theory; that is, w 1s nearly proportional to 


W, or bh is nearly. the ſame, whatever be the dia- 


meter of the hole, provided the time of the diſ- 
charge, and the perpendicular height of the water 
in the veſſel above the hole, be given. The diſ- 


charges by experiment were all ſomething larger 


than the Diſcharges by the theory, which might be 
partly owing to the pouring in of the water at the 

top of the veſſel, in order to keep the veſſel con- 
ſtantly full during the time of the diſcharge; for 
the pouring, tho? it was done gently, might a little 
increaſe the velocity wherewith the water ran out 
of the hole. 

Os. II. By the ſecond Table, the weight of 
water diſcharged, and conſequently the velocity, in- 
creaſes, rom the hole till the length of the pipe be- 
comes equal to about twice its diameter, that is, 
till 1 becomes equal to about 2d, and is greater there 
than at any other length of the pipe. The greateſt 
velocities in theſe pipes in proportion to the veloci- 
ties through their reſpective holes, are as the num- 
bers 1130, 1215, 12/58 to 1000, 

Ons. III. From the length of twice the diame- 
ter, that is, from the length 2d, the velocity leſſens 
continually on increaſing the length of the pipe, and 
Becornes equal to the velocity through the hole 
when the length of the pipe becomes equal to about 
22.3657dv/d inches. For, by the ſecond Table 
the velocities of the water flowing through the 
pipes, were nearly equal to the velocities through 
ava reſpcRive holes, when the lengths of the pipes, 
1 | Te 


? 
20 2 © 
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through Orifices and Pipes. 

were 10d, 16d and: 23d, that is 2 inches, 6.4 inches, 
and 18.4 inches. But 2, 6.4, and 18.4, are nearly as 
1, 2.8, and 8, the ſeſquiplicate ratios of „ 2 and 4 
and 1,2 and 4, are as the diameters 74, £;, and 
And therefore the velocities of the water flowing 
through the pipes, were nearly equal to the veloci- 
ties through their reſpective holes, when the lengths 
of the pipes were in the ſeſquiplicate vatios of their 
diameters. The diameter of the ſmalleſt pipe be- 
ing i of an inch, dv/d is 0.0894 ; and if d be of 
any other magnitude, and I be the length of a pipe 
of that diameter through which the water flows 
with a velocity equal to that with which it flows 
through its correſponding hole, we ſhall have this 
proportion; as 2 is to o. 0894, ſo Is. * to ddt 
whence |= 22. 3655 d. 1 

Oss. IV, By the third and fourth Tables, tis 
quantity of water diſcharged. by experiment in pro- 
portion to the quantity which r to have been 


diſcharged by the cheory, that! is W increaſes gra- 


ngt 
third Table this ratio was nnd when the lengrhd 
of the pipes in inches were about 20 and 10, and it 


was greateſt in the two parts of the fourth Table, 


when the lengths of the pipes were 81 and . But 


from the courſe of the numbers expreſſing M 4 in the 
ſecond part of the fourth Table, I think this ra-. 


tio would have been greater in a pipe of 40 inches in 


length, than in the one I uſed of 36, and there- 
fore ſhall ſuppoſe that it would have been greateſt 
at the lengths of 81 and 40. Conſequently, put» 
ting x for the length of the pipe in inches, at which 
this ratio is greateſt, x will be as H when, d is; 
given, and as d* when H is given, and when nei- 
ther d nor H is given, as d- H. Hence we may 

Cc C 2 form 
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Of the Motion of Water 
form a rule for finding the length of the pipe, at 
which this ratio ſhall be a maximum ; for it was a 


maximum in a pipe of 74th of an inch i in diameter, 
when its len — 5 was 20 inches, and the perpendicu- 
the 


dr wget d and'H, are 20, 0.1, and 2, 
and d. H is 0.01414 3 and in other cafes, x may 
be found by this analogy 3 as 20 is to 0.01414, ſo 
19x tod: H; whence x is equal to 1414d*vH. 
To ſee whether this rule be univerſal, and obtain in 
pipes of greater diameters, and at greater diſtances 
from the ſurface of the water, I ſhall ſuppoſe d 
and H to be 0.5 and 3, as in our [Author's Table 
p. 227, and then'1414d,vH will be about 600 
inches or go feet, which length is twice as great as 
1; was in reality; for the ratio was a maximum by 
that Table, when the length of the pipe was 25 
feet; ſo that the value of x. here determined ſeems 
to obtain only in pipes of: ſmall diameters. 

Ons. V. By the third and fourth Tables, the 
quantity diſcharged by experiment in propor- 
tion to the- quantity which ought to have been 


diſcharged by the theory, that is W. does 
nat differ much 1 in pipes whoſe lengths are within 


certain limits. * in the pipes, whoſe lengths 


were 6 and 32 in the firſt part of the third Table, 
is leſs than in the pipe where this ratio is a maximum, 
in the pProporigns of 100 to 112 and 110, and the 


difference of i W and the maximum is ſtill leſs in 


pipes of all other lengths between 6 and 3 23 ſo that 
in this part of the Table, 6 and 32 are the limits, at 
and within which there i is a gear agreement between 


theory. and experiment. 4 in the pipes whoſe 


3 ae 4 and 16 in the ſecond pert of this 
33, Soy Table, 


water in the veſſel 2 feet. In this 


through Orifices. and Pipes. 


Table is leſs than in the pipe where this ratio 8 a 
maximum, in the proportion of about 100 to 10g 
and 1938, and it is till leſs in Pipes of all other 


lengths within theſe limits. And M in the pipes 


whoſe lengths are 9 and 64 in the ſecond part of the 
fourth Table, for the pipes were not carried to 
ſuch lengths as were neceſſary to ſettle the limits in 
the firſt part, is leſs than the maximum in the pro- 
portion of 100 to 118 and 120; and it is ſtill leſs 
in pipes of all other lengths within theſe limits. 
Ons. VI. By the third and fourth. Tables, the 
quantity of water diſcharged by experiment always 
exceeds the quantity which ought to be dilc 
by the theory; it was near double within the limits 
of the firſt part of the third Table and. ſecond part of 
the fourth, and greater in the ſecond part of the third 
Table in the 23 of 5713 to 3858. If we ſupr 
poſe it to be double within the limits, in pipes of all 
lengths,then will w be equal to 2 W, or to 97492. Gdat 


— W being equal to * 3d*t 2 


grains, as was ſhewn above. 

Pros. VI. If the diſtance of an objeft f om @ 
double convex lens whoſe ſurfaces are ſpherical, if the 
radii of both the ſpherical ſurfaces, the thickneſs of: the 
lens, and the fines of incidence and refraction, be all 
given; thence to determine the diſtance behind the lens 
of the principal focus, or concourſe 7 the rays iſſuing 
from the object and falling p rly, or very 
nearly ſo, cn that ſurface of the lens-which is turned 
towards the object. 
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Let MN be a lens, E and e the centers of i , ge 
ſpherical ſurfaces MCN and MDN, an, gl Sea Fig. 5- 


placed directly before the lens Qq 

from the oben perpendicular to = ſurfaces of _ 

lens, and conſequently paſſing through the centers e 

and E; let the point A be indefinitely near to C, 

In which Caſe QA and QC may be looked _ 
equal; 
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equal; let q be the focus or concourſe of the rays 
A and QC after the firſt refraction by the ſurface 
CN, and 2 their focus or concourſe after the ſe- 
cond refraction by the ſurface MDN. Put D for 
QC the diſtance of the object from the lens, r for 
the radius CE, p for the radius eD, x for Dq, the 
diſtance of the focus behind the lens, after the firſt 
tefraction, and 2 for Dz its diſtance behind the 
lens after the ſecond refraction; and laſtly, let I and 
R denote the fines of incidence and refraction of the 
rays paſſing out of air or any other medium into the 

r ſurface MCN, and conſequently R and I the 
ſines of incidence and refraction in their paſſage out 


of the ſecond. ſurface MDN into air or that other 


medium. | 
To determine. Z, we 19 firſt determine the 
meaſure of x in known terms, to do which draw 
AF perpendicular to Qq, El perpendicular to 
Qua the. incident ray produced, AF ER N 
to the refrafted ray Aq; * then from the 
{imilarity of the two whales AF and QIE, and 
alſo of hs triangles qAF and qER, and from QA 
2 equal to QC and qA equal to qC, we ſhall 


„E 
have AF equal to R 5 


by the tws firſt 11 and by the two lah tri- 
angles equal to 0 or, in ſymbols, to 


Conſequenty = k Is equal to þ —, and x = 
* 


r 
Dir 


or, in ſymbols, to 


— x 


| B- BRN. 


Having fouhd the meaſure of x or Cq in known 
terms, 2 or Dz may be thus determined. For that 


meafure, that is for + 2 — t A, to 2 


and qa produced draw the ndiculars el and eR, 


and draw am perpendicular to Qq. And re 
rom 


Of the Foci of Optick Glaſſes. 


from the ſimilarityof the triangles qamand qRe, and 
alſo of the triangles zam and zle, and from qa being 


equal to q D, and za equal to 2D, am n 
— from the firſt triangles, and cquil wo 


qe 
eIxzD 


from the Kad. eR is the ſine of £4 


Pg of the ray Aa falling on-the ſecond ſurface 
MDN, and el the fine of its refraction ; and there- 
fore eR will be I, and eI will be R. 9D is equal 
to qc - D A- t, putting t for 2 — 
thickneſs of the lens; and qe is equal to 


= qC+eD — CD = 42 ig 3 


Rx At E 


At 2 π 


hz+RetRe—ltz But Adenotes: Dir 


Rz+Rf—Iz BL BRA | 


And therefor lf ReEtRetlez;_ =... Dir: 27 


Rz+Ref—Iz DDR NR. 
By clearing 2 in this equation, we ſhall have 2 = 


DIR! + RR pa, DIRgt 


DI-F2DIRt-DIT-DIR@-DRRi-—IRig- Ake R- Dix Bü 
To give this equation a more ſimple form, di 


vide both numerator and denominator by IR. 


N 
IR 
FF EG Rr DR Pt, or, by putting B inſtead of 

IR BIDr f BRr t- DR t, and the denomina- 
tor will become IDr+IDe—IDt-RDt+Rrte— 
Blr ?; and the equation wall be reduced to another 


form, and ſtand thus. 
BIDrf4-BRret—DR yt 


IDr+1Dp—tDc t RAD Birr 
This is Dr. HALLE x's univerſal Theorem for find- 


and then, the numeritor will become 


28 


ing the principal 2 of roy falling diverging on 


a 


5 and from this equation AR = 


X 1Dr | 
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a double Fic lens, bar in, the Philoſophical 


Re hs 

E rays ys, „ inſtead ofRithg verging, fall pa- 
Ht 4 double convex they will nearly 
do, when the object. is at · an e diſtance from 
the Jeus, D in this caſe may be conſidered as infi- 
nite, and conſequently, all the terms in which D 
is not found, may de thrown out of the equation, 


213 18133 29, -BIDrg-—DRpr | At 
LA . . e + RDt 
: —_— -— Rpt” 


—I% T 24 * . 
” ws % 9 


+ þ—It+-RC 
br + "And Hach, if che rays fall converging on a double 
convex lens, the fi igns 8 all the terms in which D 
K found muſt be changed; for when the rays fall 
cofverging, the point behind” "the Jens to which 
oy —— At their incidence, muſt be conſidered as 
hs plage of the object, which, from its being diffe- 
rently ſituated with reſpect to the lens from what 
Th "When the rays fall OR requires the ſigns 
Gk all the terms fr WRIch D 18 und to be changed, 
F LOG, we ſhall hs 
t e l ! ID. 
= Dt- 8 Dr] De —E Y+Rrt—Blre' 
t Thelc ; g are the three general Theorem for finding 
principal focus of rays falling, diverging, paral- 
£ conyerging on a double convex /ens. 

1 f the lens be made of glass, as lenſes ufually are, 
and the object be placed in air, then, ſince the fine 
of incidence of a ray paſſing out of air into glaſs, is 
_to the ſine of e as 3 to 2, I, R and B 

: „2, and*2 ; and the foregoing general 


| ing tie ori of rays falling diverg- 
ing K Feile, and — Bl on a double convex 
: 7 ="Y will be == | 4ret—2Det 


eval > = 
2 2 20 EY a 
— goat TOM - 
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4 = _____ 2Dpt-+arpt—6Drg - 2 1 
De eee 7 

And if the radii be equal, and — of 

the glaſs be neglected or conſidered: as o, then will 


Dr 
theſe Theorems Trand thus, Z = == Fa 


If the lens be a double cncare gi, th rai 
whoſe two ſpherical furfaces are „ and if the 
thickneſs of the lens be conſidered as q, the radii 
will lie on different ſides of the lens with reſpect to 
the object from what they did before, and conſe- 

quently, the ſigns of the radi# muſt be 

and _ the laſt 2 Akne radi weir 
ſuppoſed to be e of the 

=; prove cmd as o, will ſtand any 


z = z=—r; and 2 = — By theſe 


Theorems, 2 is always negative when the rays fall 
upon the double concave, diverging, of parallel, and 
when they fall converging it is negative, when D is 
greater than r. When 2 is negative, the focus falls 
fre abe TN TER contra- 
ry to what it does In all caſes of 4 double convex 
ent, 21 "that of diverging ebe When the 0 
tance of the Geck is leſs than the radius, or 
| than f. For in that caſe, 2, WER Sas 


Bz vill be negative | f N d DAS 
. By this Problem we determine how far a ra- 
2 point muſt be ia from the eye, to have 
the principal focus of the rays iſſuing from it 


in the retina, on ſuppoſition that the coats and hu- 
mours of the 8 to their f- 
gures, magnitudes, und denſſ 

Let ABGz e eye, in which ABG f. 11. 


is the cornea, AMCNGB che cavity containing the Fig 6. 
aqueous for, MOND 


the cyſtalline tumour, 
and 


. 
0 0 3 


E 


Mut Focd of) Optick Glaſſes, 
8 the cavity containing the vitreous 
According ta r-JURIN, the 74. 
1 and of the 
cryſtallme Humour, that is, of the ſpherical fur- 
faces RBG, MCN and MDN, are in roth parts 


; an * 3.3294, 3.308 f anι z. 5056 and the 


the cornea from the anterior part of the 
cryſtalline, the thickneſs of the cryſtalline; the dif. 


 ratice'f che. Poſterior part of the cryſtalline from 


2 rehings nd. the, diſtance. of the cornea from the 


ind, are in the fame parts Moe inch, 1.0258, 
1.8825, 62617 and 9.15. Let Q. be the 1 


pans the principal facus of By rays by the 


— 4 & the aqueous hümout, by virtue of 


on; they fall converging on the cryſtal. 
line, E let. Z _ their ff 6c4s. after their refractions 
2 and airs humours. By taking 
gravities of the humours of the eye, 
dad that, the ſpeeifick gravities of the a- 


reous humours are very near 
\ the ame With 1 of mes 


gravity of the;cryfialline is great- 


Aceh vi 


5 


ic {f gravity. of water, in the 
TT out A 1010. ie 


ee humoprsof oxen's eyes, and 


of 3 Aline hymors of ſherp's eyes, were 


11134 and rogge the ſpecifick HRT o water 


10000, and the mean of e two. means 


gravity. of the cryſtalline hamour of a human eye. 
acl refractiye power of tha cryſtalline is very 


kN proportional to its denſity, and the ſine of 
ont of the aqueous humour 


FUG of rays paſſing 


nto the cryſtalline, is tothe ſine of f refraftion, very 

W N toro, as J ſhall ſhew in the Scholium.” 
1155 donſechientty, I. eee e R will be 20. 
rom, theſe meaſures I. no) proceed to determine 
8 f:4 radiating: point: from the coryea, 
ſtance of e B, ſo as that the 


farus 


is 11083, which 1 ſhall ſuppoſe to be the ſpecifick 
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focus of the rays i iſſuing from it und fall Aivets 
ging on the. corma, may by the refractive 
of the aqueous, aryſtalline, and vitreous Humus Be 
placed in ———ů— 221 7 es refraction Gf tte 
aqueous humour, the tas fall on / the efyſtalline 
with ſuch a of convergence, as would rale 
them unite at q. In the univerſal Theorems thebes 
fore for finding Pe pn fucus of rays ' falling 
converging on. a double convex lens,""Cq * D, r 
equal to 6.2617 is z, the radius of MCN is r, hr 
radius of NDN is , CP the thickneſs of the chryſ. 
talline is t, 1 and go; d 
by clearing D in that Theorem, we all. ape 
D ' Birez+BRret Rrtz ; MS (6 ] 

= Bli-Itz—Irr—I=Rr_ Ren eee 
And Cq+BC=re. — 5 © 321086 d 
in the Theorems tot finding 3," Bey id . | 
Lis 4 and R g, the ſine of ineidencœ of tays: 8 
ling out of air into water or into the aqa eU 
being to the ſine of refraction 
5 radius of the cornea is 3 3.3294 ic | 
of an inch ; conſequently, D is 7 5 c . 
about 5 inches and 3 quarters. So that Tp ne 
the eye to be anchangayble) 4 tadialhig po 
at the diſtance of 5 'nohey 1 from is "oa have'ky 
image placed in retina. D 2 ic 
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us © 


Lt 'AB repreſtnt the refracting plarie TAY I, 
4 of any body; and IC a ray meident Wia on Fig. 7. 


* the body at C, ſo that the angle ACI be 
« infinitely little, and let CR be the at y. . 
* From a given point B perpendicular to the re. 
1 fratting urface erect BR meeting the refracted ray 
« CRinR, and if CR repfeſent the motion of che 
* refraftedray and this motion be diſtinguiſhed into 

two motions CB; and BR, whereof CB S parallel to 


« the refracting plane, and BR perpendicular to it: 


6. CB TT e 
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ch, is given; and therefor 1 1 is as BR. 
But by the aforeſaid tion BR the 
refractive force, and is nearly as the denten of th 


computing R 
and then 
ve denſities. And 


700 putting D for . denſity of the 
body, R 112 D. r In pal- 


kg out of a ing, pars 5b. and, the denſity | 


of water being 10000, 95 is 10004; And in 
paſling out of air inta the cryſtalline, whoſe denſity 


is to that of water as 1 1083 to 1 /DÞ+1 is 
10523. Therefore in paſſing out of air into the 


crylline K will be 5 ; for 10004... 10388 223 


erte = very near Run paſſing out of the 


„will be com- 
ae e, 2 5 bythe ond Theo- 


rem of the Opticks ; Patz. and therefore 5; wil 
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